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Ssmit^iMAi* IsfrrmmoK, 
Washington, December 10,10$, 
To the rongret* of the United State*/ 

In aceoidanre with section 6593 of the Revised Statutes of the 
United .>tales, I hfive the hnimr, in behalf of the Board of Regent 1 ', 
to submit to Congress the annual report of the operations, espendi* 
lures, and conditions of the Smithsonian Institution for the vear 
ended J tine 30,1942. T hare the honor to be, 

Very respectfully, your obedient servant, 

C. G. AiBOT, Secretary, 
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REPORT OF THE SECRETARY OF THE 
SMITH SO N IAN INSTITUTION 

C. G. ABBOT 

FOR THE YEAR ENDED JUNE 30, 1942 

To the Hoard of Rgg&nti of the Smltheoidcm Institution. 

{lEKTLzajrs: I have the honur to submit herewith my report dlow¬ 
ing the activities and condition uf the Smithsonian Inst it i lx ion and the 
Government bureaus und.r its admjnistrntlv* charge during the fiscn.1 
ywr ended June 30, J 0A2. The first pages contain a summary 
account of the affairs of the Institution, and appcndiiM 1 to 11 
give more detailed reports of tic operations of lho National Museum, 
the National Gallery of Art, the National Collvttim of Fine Art*, tho 
Freer Gallery of Art. the Bureau of American Ethnology, the Inter- 
rmtimuH Exchanges, the National ^logical Park, the Astrophyskol 
Observatory, which now indudej the Division of Radiation and 
Organisms, tho Smithsonian library, and of the publications issaad 
under the direction of tha Institution. On page 00 is the financial 
report of the executive committee of the Board of Regents. 

THE SMITHSONIAN AND THE Wall 

In my last report I stated that in the fiscal yea r 1341 the Smittaon- 
mn had been assigned several problems connected with national 
defense ami stood ready to devote all its resources to such work when 
culled, upon. After Pearl Harbor, calls upon the Institution for 
special in formation relating to the war foerwwed rapidly, and early in 
2 I appoints! a War Oorattlitter for thu purpose of exploiting 
every facility of the Institution in aiding tlio war effort. Such n 
^ ^ ■sp*.iuiili£i;d nrgatiizatiojj a# tin? bRiiib^mujui obviously cun only 
itmlertake those things which its staff L* trained ami complied to do. 
hitt the exploratory invest igutfona of the War Commits revealed 
n surprisingly wij@ tango of nctivitha in which tho Institution cunfd 
engnge that are directly or indirectly ,,f real service in tho war effort. 

For some organizations whose normal activities are in fndibj directly 
applicable to war work, such for example as those concerned with 
strategic materials or those with largo physical laboratories, the prob¬ 
lem of going over to A war footing is solved for them. For rtieli 


1 
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osUbUshmeuls as. Llie Smithsonian, with itj normal functions of 
raeardi, cMfiflj in the nnttiral seience-s, publication nf results of petm- 
tifir research^, museum anil art gallery exhibition, and intermit ioraai 
exchange of literature, the problem is not ho him pie. Every member 
of the stuff de&m earnestly to do his uuno-'t to nid in the war effort! 
but jn mtnj- instancy, as the following summary of Smithsonian 
war octidliea shows, the only possible way of putting the derfre into 
effect is connected only indirectly with war work. NeYiTihdf*ss« 
work such as that which the Smithsonian is qualified to perform wilt, 
I believe, Ik? seen to fill a definite place in the. Hattmfs all-out war 
effort* 

Tin? tnwnbcTflhtp of the Wnr Commit ioc h ns follows: C. W. Mit- 
man s engineer, chairman; L. B. Aldrich, physical; W, N. Fenton, 
ethnologist? Herbert Friedmann* biologist; and W. F 1 . True, chief, 
editorial division. For several weeks the committee me! every day 
in (ho effort to Speed up the diverfLitui of tia much jj.h possible of Hie 
Institution's work into war channels Severn] quest jurmairrs were 
cent to the winff asking for suggestion!* and iMuitod information sis 
to the quaEftaa lions, travel, mid rq^-iut knowledge of each member. 
With these data before them, the commit lt-r began in make recoin- 
mpfidntinns* moM of which I approved unrl put into effect. Thrice 
projects wliirh had been juitmicd up to June arts as follow, r 

1* The Institution has preparer! a detailed roster of (ho scientific 
staff totaling nearly 100 scientists, listing I be ir geographic and special¬ 
ized knowledge. Some <if Ibis knowledge has proved to be readily 
available nowhere elfc s and the roster has Iwii rxtonsively lifted in 
connection with inquiries from war ngendra. 

2, A record nf requests fnun war agencies for specific informs 
lion from individual spiff m+mkirs hIiow^ ii total of Iftfi such received 
since Fear! Harbor. Fifty percent crime directly from the War ami 
Navy Departments, the rest from *25 different other war agencies. 
In ehort, the Smithsonian h erring an an important s o Ut t* of tech¬ 
nical and geographic information. 

3. Thn Smithsonian* together with the National Ee^ardi Council. 
the American Council of learned Societies and the Social Science 
Research Council, has actively participated in the sotting up of the 
Ethnogeograpliic Board + ritc Institution fumishse financial sup¬ 
port and facilities., ami serves as the headquarter* for the Hoard, 
whose purpose is to provide a cent ml dea ringbone for information 
to Army and Navy Intelligence and other war agencies in the Jidda 
of geography. language*, find stxrbl sciences* Ilr. Willium Unman 
Strong, formerly of the Bureau of American Ethnology and now a 
member of the utoff of Columbia University;, was appointed director 
of (he Board. Members of the staff of the Institution are cooperat¬ 
ing do&cly in the wort 
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4. The Smithsonian has ttiottamds of published ami unpublished 
photographs taken by it a seicniirts in all pftfte of the world, indncl 
ing many out-of4h*-way places not ocmunofiiy photographed. An 
index is being compiled of the published material* and members of 
(ho Staff harp put their photographic fifes in shape for ready Ci ts 
sulfation by war agencies. Many of its photographs have already 
Iwn so consulted. 

5. In Elie very important field of Latin American ooopomiioin the 

Institution has undertaken, twi> large -scale Hcientiffc project*. One 
is a Handbook of the Indians of South America, under the cdltofahip 
of Dr. Julian R Steward, of the Bureau of American Ethnology. 
The various article? will be contributed by both lAtln American -tod 
North American am hrupabigiste. This will In? published under the 
attopicra of the Injitlfcutiom The other Is a list of the insects of 
Smith unit Central America* a niUijh-ncediM] tool for rill future en¬ 
tomological work in ureas. The complriod lid. which Is esti- 

mated to mukn mure I lion ■ thmisuiid pages of print, will also appear 
as a Smithsonian publication* 

5. Approilmalely 10 percent of the scientific stJiff are engaged in 
fiiH'time war projects assigned to them by the Army, Naty, or 
other war agencies, This work is being done either at the Institution 
nr llmuigh transfer uf porsontwil to iho ageacy requesting the work. 
All llie rest of the ataff members devote j portion -j f their time to 
work related directly or indirectly to the war. Hie actual amount of 
time ilepetuling inn ilu 1 latent to which iheir spedsd kiiowdid^v i- 
ncoded by war agencies* 

7- In this Hue of its normal fund ion nf diflsiaion of knowledge the 
Institution haiH initiated several wartime pr iji ctF. A new scries nf 
pamphlets entitled ^Wnr Background Studies^ and a series of nows 
reh b .a«B headed “War Background Data* have as their purjwise the 
increasing of popular understa tiding of the various regions and pro- 
pies involved in the world conflict. In lit® SimllisoniRn’s nuliti pro¬ 
gram, w Ttie World Is Tmu*, 1 ' fmirhp?flflcnst3 were given on a Nation- 
wide network comprising a series m tint peoples of the United Na¬ 
tions. St?Tem1 special war exhibits were shown in t)i& Smithsonian 
and Museum buildings and others are definitely planned* A series 
of qx-rml lectures on war topics has boon arranged* and at the close 
of the. fiscal year its loginning awaited only the instnllatlon of new 
11 reject ion equipment in the Museum auditorium, A set of six past- 
cards illustrating Mu^um exhibits was printed for free distribution 
to service men; m conjurutioa with tl mtj writing cmintm and a mail 
box were hist rilled at the entrance to the Aria and Industrie Build¬ 
ing where men in uniform write and mail the cards. Thousands of 
sets had imn given out at the dtiep of the year, and this s&rrlre 
—- 
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swins to bn muck appreciated. AJi the Museum buildings are now 
opon til day .Similny for tin; benefit of scrnc® men ind war workers, 
_ ^ ^ 11 r CoiUBiU«! and ofBcitls of th« Institution have eatab* 

lisbec] definite contacts with the War and Nary Dr part meats and 
ofciu*r war tgeucict; through these eon tacts continual efforts are being 
made to channel more war-time researches and other Mutable activities 
to the Institution, 

The War Committee will continue to function for the duration. 

ENDING t»F WRIGHT SMJTIISONIAN UOSTROYICRSSY 
By anticipation, I report with great relief am] peculiar satisfaction 
tlin ending of the long controversy between Dr. Orville Wright and 
the Smithsonian Institution. jfegotiatimia, in which Colonel Lind- 
tiergli and others had taken part, imd prw'ecdcd intermittently bo- 
tween the Secretary »»d Dr. Wright since 1928. Since June 1042, in 
part with the mediation of Fred C- Kelly, an active interchange of 
communications has gone on. It resulted in a statement acceptable 
to l>, Wright which was published by the Institution in its Mis¬ 
cellaneous Collections, volume Iftl, Ko. 8, October 524. 1012. This 
rtatemeut, which speaks for itaelf, if is intended to republish as the 
iirst article of the Appendix to the Smithsonian Report for J94it. In 
his letter of October IT, 1842, Dr. Wright says: 'T hope the relatione 
hetttWi flifl Instihirinn nm! myself may Hgiiift tie njs amicjiblts a** tliov 
were in Dr. Langley's administration.” 

(SUMMARY QP THE? YEAR J* ACTIVITIES OF TUP BRAMCBK8 op 
THE INSTITUTION 

Naiwnal Sftama— Acetous for the year totaled £34,582 speci- 
mens. bringing the number of catalog entries in all departments to 
17,578.240. Among the outftunilmg itcceaSHMJB may be mentioned tlie 
following: In anthropology, 200 artifacts from the old Indian village 
site of Potawmnnke, Stafford County, Tiu; cull objects from voodoo 
shrines in Hmti, and weapons of the Horo of Mindanao, p. L: in 
biology, 30 Antarctic seals, 54 Manchurian mammals. IJMB bird* from 
Colombia collected by Dr. Alexander Wetznare and M. A. Cumber, 
,Tl ‘*' 11 - 21f> ^ ,IBS ff °fn U»e urea between Peru and Alaska received 
from the United States Fish and Wildlife Service, a collection of 
25,000 specimens of Hemiptern received from W. L. MeAtee, 7,000 
specimens, mostly termites, collected in Jamaica by Dr. Edward A. 
Chapin, and 2,160 spoclroeng of plants of Columbia received in «m- 
tmnation of exchanges from the Institute do Ciencias Kattiralea, 
HogotA, Colombia t in geology, a large aquamarine from Agna Frets, 
Minos Geraes, Brazil. puirlmwd from the Roebling fund, a 2,090- 
gram specimen of the Rose City, Mich., stony meteorite presented by 
Dr. Stuart II. Perry, 4 tons of limestone blocks of beautifully pre¬ 
served tdiicified Permian fossils collected in Texas by Dr. G. A. 
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Cooper, anil 8,000 Cambrian ami Devonian fossils collected by Dr, C. 
E. m Montana* I um f mid rhe CatmdJjin Rockies■ {q cngiue^iv 

!l £ and indurtneB, a number of models nf historic aircraft, an era tuple 
of the Allison liquid-cot, led aircraft engine, typo V-17I0-C, a jeep 
lent by the nr Department, the first Emerson iron lung completed 
in 1981, ami a collection of 183 Currier and Ives prints given by Miss 
A dele S. Colgate. Although field expeditions were greatly curtailed 
hecause of war conditions, those to which the Museum was previously 
committed were carried through with valuable results in specimens 
and new information. Visitors to the Museum numbered 2,043,817. 
Although this was ncurjy luilf a million Jess than in lIio pjnewiotia 
year, neverthtdea the decrease was J«a thmi had been anticipate] In 
view of rest fictions on automobile travel. The Mu»nm issued 44 
publii'alinng and distributed S3.&15 cypifti during the year. Fifteen 
exhibits were In Id in the Mir-umi under the auspice of 
various scientific, and other groups. Among numerous changes in 
the staff may bu mentioned the retirement, after nearly 39 years of 
semee, of Dr. Alc5 Hrdlivkii as curuior of the division of physical 
un * ir,i jio ngy; Dr. I. Date Stewart) associate curator of the division, 
way promoted to the cunuorship to succeed hum 
Nntiojud Gdlery of Art—The tote] attendance at fha Gallery for 

J5S?W* of ita °P eratioa m mem, * daily average, of 
over fi,500 voters. In Juno the Gallery began a series of Sunday 
gening openings fur the benefit of service men and war workers. 

oiicem and special lecture* featured these Sunday openings, which 
prov^l 60 successful that it decided to continue them indefinite- 
J. MlKJitwiK available to the public ora n general information 
" L i if!?* 08 °[ tht ; I JlUI3tl,1 ^ “nd Miilpture, a hook of Ulnstra- 

££j£P S* W °L ka °! ? £ *• *** ^r*foctions, and 

pwteards. Since U-orl Harbor the Gaiter)- has been blocked out 

mimhlr’ f n H drais A limited 

U,e "f 064 f 7^ l ° aa ^ irreplaceable works of art have been 

tl!° j P rT °* gmter bul it is the expressed belief 

; TrUSle,a ll,al «» GJtay h M . duty.. U» puhlia 
*- u JJS .!V n ** * °f recreation Mid education to con- 

tintw its activities and even increase them in war time. Gifts of 
prints, paintings, and sculpture were accepted from eight different 
donors, andl* number of important loans were received. Seven 
tpecinlI exhibitions were held at the Gallery, including one of draw¬ 
ings of war-time London, another of the art of Australia, and one 
of II portrait hurts of (ho Presidents of the Republics of South 
. mcrini, by Jo Davidson. The Galteiy T s educational program in* 
eluded Gallery tours of the collection conducted twice daily; a aw ytee 
id 34 sjhhu.iI lerturcs, one given each Saturday afternoon from Dote- 
btr to April, and Gallery talks and other lectures dealing with a 
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apedfta school or specific works of art. Beginning in December, 
special touts for member of tiw armed forces were arranged for 
Saturdav afternoons. 

National Collection of Fine Arts —The ttecestary pinna were mode 
during the year for Iho protection and evacuation of worts of alt 
in the National Collection, Four oil paintings and a number of 
other works of art were accepted for the collection by tlio Smith 
soman Art Commiamon. Three miniatures w^re acquired through 
the Catherine Walden Myer fund- Eight »p«oM exhibitions were 
held HS follows: Minin tort; lent by Count and Connies* Do) n bn do 
CiLetdlunfi; oils and water color* by M- Mwoitt N- A.; uils, 
prints, und dm wing* by Antonio Rxlfigucz Limn, uf Mfcjsicd) 

Ii-itt by G&tttjps Eslopptiy; poxiuin^ Oft mat*! and print* by Buell 
MuIIriiJ oifci, wiU« eoluvs, mnl prints by member* of the Laftdfloftpe 
Club of W^Wnglon, IX C-; piaster busb by Mnriwii tfiino* 
Pnuto, of Bolivia; nil paintings, penal drawings- lithographs, and 
water colors by Ijfintri'i Aguirre. *>f M-xieo. 

Frcor GaUery of Jrf.—Additions to the eolhwiiotii. included Per¬ 
sian and Syrian bras*; Chinese bronze; Chinese pule; Arabic man 
□script; Arabic, Chinese, nml Persian painting; Arabia, Mesopo¬ 
tamian. Persian, and Syto-Egyptlnn pottery, Tlh> regular work of 
Uni curatorial staff was devoted to (lie study aud recording of thetas 
new acquisitions and other art objetU already iu ihc collection. Tn 
addition, 770 objects and 23fi photographs of object* won! submitted 
to the Director by I heir owners for information a* U» identity, prov¬ 
enance, quality, date, or inscriptions. Besides this usual work, the 
staff devoted much of its time during the winter and spring to work 
connected with live war. The total number of visitors to the Gallery 
for the year was 87,806. A number of groups were given docent 
service in the rihiUtioB galleries and study rooms, Carl ft luting 
Bishop associate in archeology, a member of the Gallery staff since 
19-23. died on June 16, 1942. Front 1SS9 '* IW7» and front 1929 to 
1644. Mr. Bishop was in charge of the Freer Gallery Held work in 
0iina. He published numerous articles on Chim-se archeology in 
various journals and was widely known as an authority on Dir 
earlier phases of Chinese culture. 

fiun oa of American Ethnology .— The time of the members of the 
Bureau's M tcnlific staff has been devoted more und morn to activities 
ounce rued with the war effort. Their specialised geographical, 
racial, and linguistic knowledge haa been in constant demand by the 
Army, Navy, und other war agencies, ami certain staff members 
have*cooperated closely witli the Ethnogeographic Board, an agency 
thaL net a as u clcoringboase for anthropological, geographical, and 
related information needed in the war effort. As time permitted, 
the Bureau continued its normal work of studying the American 
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Indian* M* W, Stirling, Chief of the Bureau, Bpcnl 2 months in 
Mexico in continuation of the Smithsonian Institution-Nation*! 
OeogTJtphic Society archeological project in that country. Dr. John 
R, Swfuiliin eontlnwd work <sn a si udy of the language of the 
Tirmicua Indian? of Florida and <na ihe revision of a large general 
pu|n-r im the Indiana of North America. Dr* John P* Harring ton 
carried forward work mi two jm»1rii!iii4 involving linguistic rtudifts 
of Aleut, flits limgmtge of ihe isliimh between ksin ami America, ami 
iif Atlinpascnn. the language of fho northern Undent. of a large 
pari nr dip Pacific mast, and of tha southern deserts Dtr. Frank II. 
Hl "Rolicrte* Jr*, conducted nreWdogknl racavnti<m$ ait a site near 
San Jon* N. Mex,* uneovuriijg an interfiling sequence of projectile 
points Mil other art! fuel 1 y pcs tmd obtaining new information on 
jdwlgTnal occupation of I ha l umu lust before the close of the 
yam 1 Dr< Roberts went to Newcastle, TFyo*, to inspect a promising 
archeological site* Dr* Julian E Steward continued Jib work tts 
editor of thi- Hnudbool. of South American Indians, in the course 
of which ho visited Brazil. Argentina.* Paraguay, and Chile for con¬ 
ferences with Litin-Aui^rican nmhriijwhigjgta Pr, Henry IA (kil¬ 
ims. Jr*, continued the study of nrelteologica! materials from pre¬ 
historic Eskimo vtUaga fritas nmtunl Bering Strait, Dr r W. N. Fen¬ 
ton carried on several investigntinsoi relating in the Iroquoia Indians. 
Dr. Philip Drocker msuk an analyst »f the pottery wrtloction^ made 
in Mexico in 1M1 by the Smitlusnnian luBtitiLtimi-Katiortal Gw- 
graphic Society expedition. in continual inn of the work of thb ox 
peditinn he went in January 1D42 to a site at Ln Vent ft in North¬ 
west fabsaco, where excavations resulted m a number of interesting 
discoveries. Miss Frances D«auauora ? a collaborator of (ho Bureau, 
recorded Omaha PCugB ni Mocy, Neb r, Tim Bureau pul dished its 
Annual Report and throe Bulletins, The library acoc^nneil 350 
Items* the redawdfienlion of the library was practically completed 
during the year. 

Iniematitfnrf EweAtmgexs —'The Exehnnga Sendee ads ns the 
official United States agency for the in tend m nee of parliamentary, 
governmental, find fdonllfic publication* between this country and 
tha rest of I ho world. Tin? Servicn h a rid led during I lie ymr MlAAl 
puckngrs of publications weighing poimthL As would be ex¬ 

pected, (be work of tin? Exclmiiga Service wh- greatly hampered by 
the war. In the Eastern Hetidsphtire only Great Britain noil the 
Union of South Africa continued to receive >diipmenta from this 
country. In the Western Itemisphere, wham all packages are sent 
by mail, there was no internipUop to the tending of exchanges, 
althanHi ccnwirship caufH'rl sura* delay. April m2 ih* wading 
of tlir Confrn-ssiopfi! Record to foreign countriw tbmugh llie Ex- 
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change Service was discontinued for the dural ion at the request of 
the Office of Censorship. 

National Zaologieat Path .—Although ffaf cn hd it tons reduced the 
number of out-of-town visitors to the Zoo. more people from nearby 
ari'ftit came by bus and streetcar and on foot, bringing th<< total at¬ 
tendance for the year to 2,523(300, or sightly more titan (he number 
for tile previous year. A couridcrnble proportion of the attendance 
was made up of men in the armed servicer, many of them enjoying 
their first- opart unity of visiting a large zoo. As usual, a large num¬ 
ber of gifts of animals came to the Park, and there were 65 mammals 
bom, 10 birds hutched, and 2 reptiles horn during the year* Deaths 
included a sulphur-crested cockatoo that hud been in the Zoo for 52 
yearn, and the American bald eagle “Jerry," 11 Zoo resident for 26 
years. The epidemic of psittacosis that caused serious losses of 
birds and caused the closing of the bird house to the public for 3 
months, as noted in Inst year’ll report, was finally subdued through 
the coupe ration of the United Stales Public Health Service and the 
District of Columbia TTf-alih Department. Many of the poisonous 
reptile-’ have been removed from the Zoo, leaving sa few that they 
could lie quickly disposed of in an emergency. At the close of the 
year, the cnllcrtidli contained a total of 2,411 animals, representing 
722 different species. 

A*tr&ph>jm<tl Obttmalovy. —The tnwt important event of the 
year was the publication of volume 6 of the Annals of the Observa¬ 
tory, which covers its operations from 1920 to 1950. Besides de¬ 
scribing in detail the principal research on the variation of the sun’s 
radiation, the volume is the culmination of several years’ work de¬ 
voted to revising the daily result* of observation of the solar con¬ 
stant of radiation at the three field observing stations at Montezuma, 
Chile, Table Mountain, Calif., and Mount St. Katherine, Egypt, 
from 1923 to 1939. The values published clearly indicate the vari¬ 
ation of the sun between extreme ranges up to obout 3 percent for 
the period covered. The variation is shown to be composed of 14 
periodicities ranging from 8 months to 273 months. Each of these 
periods is reflected in terrestrial temperature and precipitation os 
recorded by official weather services. Another important event was 
the incorporation as a branch of the Observatory of the Smithson¬ 
ian Division of Radiation and Organisms, hitherto supported by 
private funds. Considerable confidential work for military purposes 
was done in the Observatory’s instrument shop under the care of 
the Director. Because of the discovery that the percentage varia¬ 
tions of the intensity of sun’s rays is 6 times as great for ultraviolet 
rays as lor the total of all wave lengths, apparatus woe prepared in 
the instrument shop for restricting ttyo determinations of solar varia¬ 
tions to the spectral regions of the green, blue, violet, and ultraviolet 
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rays. This eppnmlit- hue bw-'i instalkil ut all three field stations. 
Also prepared in the instrument shop were three copies of u sky 
polarization device invented by i his late Prof. E. C, Pickering. Il 
ig believed that th* use of this device at the observing stations will 
obviate the HBaalisfc-toty i vaults brought about by certain types of 
sky conditions. Sol nr observations on nil favorable days have been 
continued at the tliree present field stations at Table Mountain, 
Calif,, Hurfci Mountain, \ T . Mei., and Mootoxunia, Chile, 

Dilution pf Radirifitm •md Qrtjanistmx ,— On July 1, 1941, the Divi¬ 
sion became a branch of the Astrophysicn! Observatory and received 
Congressional appropriation for die support of its researches. Mem¬ 
bers of its staff were given Civil Service status. Hie present 
research work of the Division comes; under three headings: Photo 
synthesis, plant growth and radiation, and development of 
apparatus and me thuds. Experiments were continued oti the factors 
that inllht'nnc die change in rate.- of res pi ration in plaids, winch led 
to speculation on the possibility oi the existence of a carbon dioxide 
reservoir connected with ihn cell imdiauisni. There is evidence also 
that thu humidity of the air plays an important role in this gaseous 
exchange. The study of the relationship between light intensity and 
inhibition of growth of the oata mcsocotyl was extended to higher 
intensities. Work is in progress on the isolation and Reparation of 
two pigments indicated to occur in dark-grown oat seedlings. Pre¬ 
vious work in the Division had shown that illumination increases the 
rate of carbon dioxide production by etiolated barky seedlings. Ap¬ 
paratus wen oisemblrd and preliminary experiments wore begun to 
study the influenre of radiation cm the respiration of other types of 
plants. (Since October IMS the Division hoc done war work only,) 

TfllS ESTillUSHilENT 

The Smithsonian Institution was created by act of Congress in 
1846, according to die terms of the will of James Smithson, of 
England, who in IfcJti bequeathed his property to the United Slates 
of America “to found at Washington, under the name of the Smith¬ 
sonian Institution, an e.sLublishinniit for the increu'j© and diffusion of 
knowledge mining men.” In receiving the property and accepting 
the trust, Congress determined that the Federal Government waa 
without authority to administer the trust directly, and, therefore, 
constituted an “ratablbiunent." whose statutory members are “tha 
President, the Vice President, the Chief Justice, and tbo heads of 
the executive departments," 

THE BOARD OF It Ft? ENTS 

Changes in the Hoard of Regents during the fiscal year included 
the election at the Board meeting an January 16, IMS, of Chief 
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Justice Harlan F. Stone as Chancellor of the institution, to succeed 
foniu-r Chief Justice Churl e* E. Hughes, and rho appointment by 
Joint Rettihition of Coogross approved August *21, i&il, of the 
Honorable Frederic C. Walcott, « citizen uf Connecticut, to succeed 
the late II Walton Moore. By Joint Resolution of Congress approved 
August Si, ]i>] l. Fre4«w A. DtilaxtO, of the city uf Washington, D, C., 
was reappointed to suctreed him self for the ytumtory term uf 6 years. 

TIuj roll uf regents at tha dose of the flared year ™ follows; 
Harlan F. Stone, Chief Justice of tho United States, Chancellor; 
Henry A. Wallace, Vice President of the United States; mumbers 
fmtn the SenateCharles L McNary, Albeit W. Barkley, Bennett 
Champ Clark; members from the Hon** of Representatives— 
Clarence Cannon,. William P. Cob, Jr., Fosler Stenrai; citizen 
members— Frederic A. Ttebno, Wnubingtnn, D. G; Boland S. Mor- 
.rb, Pennsylvania; Harvey N. Davis, New Jerstty; Arthur H. Comp¬ 
ton., Illinow; Vinner nr Bush, Washington, D. C.; and Frederic C. 
Walcott, Connecticut. 

Proceedtfi^.—'Hn an mini meeting of tho Board of Regents wan 
hold nn January 16, m2. 'Hi* regents present worn Chief Justice 
Harlan F. Slone, Chancellor; Vice President Henry A. Wallace; 
Representatives Obrotit'S Cannon, IV i I Hum P, Cole, Jr*, ami I ostoi 
Steams; citizen regcnie Frederic A. Roland Morris, Haney 

jj, Davie, Vimne var.Busk, and Frederic C. W dcott; ami the Secretary, 
Hr. Charles G- Abbot. 

The Bonn! received and accepted the Secretary's annual rejiort 
covering the year's activities of the parent Institution and the sev¬ 
eral Government brandies. The Board also received and accepted 
i he report by Mr. Delano, of ilia executive committee, cover tug 
financial statistic* of tilts Institution; and the annual report of the 
Smithsoniim Art Commissi un. 

In ids special report the Secretary outlined sumo of tlie more im¬ 
portant adivities carried on by the J nil Hut ion and the branches 
during the year. 

FINANCES 

A statement on finances will bo found in the report of the exro- 
iiiive committee of the Board of Regents, page Oh, 

MATTERS OF IJENERAIj INTEREST 
it.MmiSUNlAN BA EllO PKOfllliM 

Tlie educational radio program known as “The World Is Yours,* 
sponsored jointly hy the Smithsonian Institution, the United States 
Office of Education, and the National Broadcasting Co„ was ter¬ 
minated with the broadcast of May It), 1&42, after nearly fl years 
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of successful open! ion. On the sir every week idmtwt without a 
break for rtmm than ;J00 weeks, the scries finally was brought to 
an end because of the urgent demand of war agencies for radio 
time. In npbjning the necessity for dosing the program Thomas 
IX Risbwonh, director of public service programs. Eastern Division, 
Xutionul Broadcasting Co +T wrote to the Institution: 

L rn^rH that it was m-crt&arj to cooed "“The Worlit Zi YooisC in flew of 
ii« Imus ami titulary a* nae of our old^t cdocaHaiut] brrai1ca*t« 

* * * The wnr tmierKCJky has uroD^ht ui^iti rail Im iriunj dimrultl** t hat 

wem nnfonweQ, net she fowl of which In Ihc ImfupwUhinty of nnanrlkme a 
■trlrily Ucaltei) AcfcfUulo b* meet nse needs of all agendas InToiveU io the war 
f'O'iirt * * * I htirver eirrjtttft will agn^i that through ^Tbe World Is 

Toura'- jrtu him? mutl* n Uiihjtir coni rlbnl loo to the iTer^Ua-rniriit of Ihe eilfjea- 
lIotas 1 of nollo la terms that wono IntcreatLait \& nil of 

titfenem. 

“The World Is Ymipst*" o half-lumr dramatized program, first went 
on the air rm June 7 ? 10-Jfi, and almost every week since thiu time it has 
presented over it Natitin-widn National JiiimdcriRting Company net- 
wr^rk some phase o f science, i nveiu i oft , history * and n rt. ' J1 ic series f mi 11 
the beginning struck a responsive chord in radio listeners through*]■ it 

I hi* country. Supplementary articles on the subjects discussed were 
offered fo listener^ and many thousands of those who responded 
tcwik occasion to axprsRfi enthusiastic commendation of the program. 

II was made very evident that the American public is keenly inter- 
c*ted In science, binary, end related fields if the subjects are brought 
alive by dramatization and if recessive technicality is avoided. 

Radio proved to be an ideal aid in achieving a principal goal of 
the Institution., namely* the diffusion of knowledge For this rea¬ 
son it was with great regreL that *■»* Wbrhl Is Yours” was brought 
io sm end as one of lire sacrifice^ that have to ha made when th* 
oamtjy is at war. 

The Kiiljjoctfl prawnieti daring the ywr up to the <*Jo» of the scries 
rm May ID were as follows: 1 


Thomas __ __ b _ ^ 

Bui hit: nt of Aimtfimin AncmXi_ __ j u |y jg 

Pirair* of the Ddep_. ___ __ _ J u f v iq 

Dcut Etorcii*. --- . . „;l“ July {tt 

Herbert W*rt!___. _____ __ _ 2 

Our Nearer NVfjjhbor In SpiBco. . 0 

Jnhfl Eriewit-..-... _ Asia, I* 

Choiiitdiry—otal Am uriimn J o el r-n 1 !■urt- _. Aiijt- 23 

The XorseiiLfii in Giwnlnrui_ _____ _ __ aur. an 

tiflbrrt Stuart--_. ... ,, SofU. 7 

Cava anti Cliff Dwtlh™. . . —--...... . Stopi* if 

Pompeii Llv« A^ain___„ — ---liept 21 

Historical GeiW.. —*---- &e(iL 18 


■ Bi'mkht of Nntlniul RroniJrftHUiic To f^miiilrmFPti. Eta prspnina trine 04 ?tolvnibftr 

19^ ISHt HPil Janourr It. r^fcrwnrr 22. Miff* IA m4 April I J Z. IB€3£. 
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Industry Cilla ou ^ Oct. 5 

Bamriftl Slater.__ B „ T ___ _Oct, IS 

IweQt Allto of Man,— ...* . .On, 1® 

South lalaJidcM----■,.-- Oet 23 

Tlw Story of Wheat ..... _ ..._.._^ Ni>v. S 

Untune AmcTiaan Elgynei----. _ _ __. Not. ® 

AwlJo E^ptofqri,„„-_, - + _.. .. Nov. 25 

tlimilrm Sn Coinn Lai Time*™_.*_,_ r .__ Nov, 30 

Andeui Conh&ce_._._ ___ DffL 7 

hUracfca of Modern Medicine . - _ —___ Detf. 14 

A (.heat Kmvtinm Ocoloiitft- ---**---Dps. 21 

Light that lleaU_. Dec, 28 

iwt 

Out Expanding Knowledge ^_.... ..._....... Jftft. 4 

Fort#t* and dip W«r*«* . _ . .... «. ... Jao, IS 

Strphdn Do»tilt— NlTil .. .... Jan* 25 

Eebufcm ManiitPRtutj Vlksu^- -. — Fob. 1 

Cbemit*]* fmra the Afr„___,._. ________ _ Frh. 8 

Hid Ou¥fjhi>C IfrgEae.FfV, 115 

ThaMrak 0»-~ — .... _Mar. I 

Tint Sw 4 a of the Cflm slock I/vdp____-„ --_ Mur. 8 

Tb? Fl4bton tha Ariiftiw__ ... Mbt. 22 

BbeTow the CupaE IndustryMAr, 29 
Haltxin Juul the D&*cOVl¥ry of ihp PueHlc -—. Apr, 5 

Atifttmllm............ .. - Apr, 10 

Chinn.. „.... Apt 2A 

The FliHipplnet.„. ......... -- ~— _„ T ____ May S 

Russia.___ „ ___May ID 


WALTER RATH BONE BACON BCHOLAKSEIP 

Tin 1 . Waller ItAihbuno Baron sdtohuslilp of the Smithsonian In- 
stituthm for 1941-1943 wm awarded in July 1911 to Philip FT^rsh- 
Witz, of tint University ofMIdilgnnp for a study of the distribution 
of mamnmls in Oilomhsn. On November £, 1941, Mr. U^EshkcmU 
departed frmn New York on the steamship Ptetano and arrived 
November 14 at BnrTELriquilla, Colombia, wham arrangements for 
field work ivere completed with the itwisUxtCQ of the Dopertnient of 
State through the Ffon. Nelson tt. Park, the American consul. 
After Wing obtained the m^-c^ry per mi ts for travel and for the 
collecting of natural history ti&dmum ftip«i the Governor of the 
Department of Atlantic®, Mr HVrshknvita was invited by Mr, 
Crump, owner of a ranch ut SaW* Large, @et up camp mi his 
land* Collections were made in the northern portion of the Ci£naga 
de GuAjnxo near Arroya de Pieiim and on Cerru dt; hi <lnayla from 
November 2H to December 18. Returning to BarmnquitlH, he ex¬ 
amined the Indian burial ground uncovered at ibl Soledad airport 
south of that city, and with the help of F* J" T Do Guerin, tifBre 
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engineer of Aviunoi, a mibeidlitry of U» Pin- A me ri c® n Aitwiy^ 
ucavnted pottery and port inns of human okeMans, 

After some delay, Sir. Herihkovifcj departed on January 3, IM2 ( 
froia Jiarrnnquilla fnr Caracolicito, arriving tlioro January 4, On 
invitation from the director, Sr. Jde£ L Slimiiiez, Mr. UereUnmht 
made collections in the tropical forest* sarnmnding Colon!* Agdealti 
de Carnoolidto from January D to Mnrdt 1G. jr^in this region be 
moved camp to FneMo Bello (Pueblo Viejo Sur) on th.* southern 
flunk of the Sierra Nevada da Santa Marta, Department of Mugdft- 
leiia, ami worked there from April lb to June G. As « result ■ f cen- 
turiiL-H of defortfjt.ing, overgrazi ng, and burning by Ihu Indians, the 
in'jicru] appearance of tins region is now that of a savanna with 
small stands of tectmgigrnwth timber in the valloys and small patches 
of virgm forest on the inaccessible parts of the hills. Cmuwtinenllv, 

'!!? ‘ iIi] , I !? t !)mducM :Li b T( **J Franks as had been anticipated. 
Ab™t tlie middle of June, collecting was begun El So)ado. about 
halfway between Pueblo Bello and Valencia. 

EI-KVE.NTO AilTlll’li I.ECnjttE 

The late Janies Arthur, of New York, in L93i bequeathed to the 
hmuhsonian Institution a aim of money, part of the income from 
nhicb should by used for an annual Lecture on the siul 
_ 1 !j°. e k ventl1 Arthur lecture, ututor the title “TL& Sun and the 
, U s Magnetic Field/’ was given by John A. Flaming, director, 
department of terrestrial magtietUtn, Carnegie Institution of Wash- 
itigtan, iii the auditorium ol tlio Naticmul Museum r>u February 26 

“ ™ lQCtUTO “ pdm**A in lull in Ills Gtiiieral Appends io thh 
import, 

rile lo previous Arthur lecture! linve been as follows; 

L The Ooap«Ut^ «f Ille S(la . b? , ni3Bf7 Nerri# ^ 

^ iririmnaj- at ITtowiiro i/utreniiy. January 21, ibh_ 

2. Gm rival tun ln Jb(f ^.iur System. ty Eraust winiitm Emum ot.T^ .r at 
manure it Uni^t* as. um. * 

aIi!St S r 7°>rJ h * Ejll,h * tr CLnri ’ <[i «- A «*°r. Secretary of lbv 

huil’hjtpiauiij liUFtfttitlob, Febtmtj Ih'M 

4. The teypto an.™* Use Star* t,/ Walter a A,lam*, dinner -,f it* 
HJ!,aEI r u U*or ObM>rvnrory. twcnnil>Pf 18, 103J. 

0. Knui Hiiya mill Plant LSfr, hy Enrt & Johngino. asslumm iitrectur of the 
DlrfHtoa <ir KmlLaUtm amt OraMtilaim, Hmlthwailau tncumtinn. Etonnir 
Si, 1900. 

fi. LlOtmfTrli^ fnrfii & ii p . + £xpwlltltm«, lu Saaiwit Alfn-tl Mitchell, dlreelur 
of 'lit- U'amkr Uct.'artaidt: OlwrreUny, tJninTulty of Virtfnlji. tTflinutir 
tt, 1DS7. 

7. The Sun Httil tlift AlmrjspJsrrf, bj Unflfla Tnii' rrwnrrJi A^dclaEn 

Hawelniwell# InenlEatu vt Seotao^gj, Frhmary iU3a 
S Bm Wdrihlp* bf J. enritar nr AjitF rk^u An *&a 

Frliultlre CaJtttfCTL, ntru-klj-u MLc.^umi K&kWtUkrj 2X 10.10 
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9* 3r»1ar PntmlD^m Id Hotian, by Ktib^rt R h AfrMmti, director of tha McMatti- 
lfiut»er: nh^rrntury i«f th* [;r+lvf-T»lty < f Michigan. January 1G, 19* ! X 
10 Blu^kgSeal Kff-.-w s j-. of Solar ItajliULmj "ii Ac (rutile anil Mmi. by GtLuu 

0‘BrJea, Df l^iiolo^lctd Optka^, UalverBry of Itncbftflicr 

Foil mu ry 2S r UNI 

liXTlAHIATIONa AND FIELD WORE 

Exploration.^ often in out-of-the-way comers of the earthy have 
always formed a major pm~L of ihe Inst it tnioirs program for the 
“increase oiul diffusion uf knowledge^ 7 Altliuugli ’world cumiitioDB 

-luring I lie punt year lm vl- irnule il ■■ tlln r iiupnicticalrh- or uiuh^ir 
nUi* to out ninny nf Urn expeditious that normally would have 
Liken tlsi; field, iK L ver| liult-!—, rs h u under the pr>-'iU inifrivomlife con¬ 
ditions it was found possible to curry on troine field work in coiinee- 
Unit tv llSj researches previously commenced. 

Iji astrophysics* the Institution's field observers carried nn their 
study uf tliif intensity of solar nitUution at the throe SmitK-iunmn 
observing sbitions uii Mount Montezuma, Chile, Tabh* Mountain, 
Calif FT and Burro MnEiuUmi, N. ilex, Obmu-va lions won.- madt? tm 
even suitable day tlimuglioiit the year, mid the results were trans¬ 
mit ted to Washing tun when- lliey tire Uhed in investigations mi the 
variability of solar radiation and on the relation between this varia¬ 
bility and live earth's weather. 

In geology, Dr. W. F. Fodmg directed an expedition in coopera- 
tiem with 1 lid United Slab’s Geological Survey with the purpose of 
studying certain FtmUgir-rnincnil rose tuxes of Mexico. Dr. Chides 
E P Jtosser continual bla studies of Cambrian rock# from Montand 
uilo the Canadian Borkire t obtaining much mw information am) 
many disable ^pecimiftta pertaining to the ancient Cambrian period. 
Dr* G, Arthur Cooper made large ra) lections nf Carboniferous and 
Permian fossils in Teams and Oklahoma, including much material 
hitherto lacking in the National Museum toUeclioB^ A third ex- 
prdition to the B ridge r Bail hinds of ^ulhweftoru Wyoming in 
search of nxtin£L vertebral* animals was directed by Dr. C. Lewi# 
Gazing many interesting exhibition and study specimens were 
brought back to the Museum, iur hiding a IJfflbpound stub eon laming 
IS or 13 fossil turtles* 

In biology, Dr, & A* Chapin visited the island of Jamaica to con¬ 
tinue his studies uf the insect fauna with social reference to the 
termUm Large collections of l bo plants of Culm were miult 1 bv C> 
V. Mutton* who spent 2 months on the island in botanical field work 
xc^mpuued by two Cuban Government botoms-te, 
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In anthrnpofogy, Dr. T D: Stowan visited Peru to rrmfea & scien¬ 
tific examination of t lie skeletal remains exposed in the* mmmrcujs 
ancient cemeteries of Unit country; ho also gathered information on 
Ihv skeletal collections in Peruvian museums. Ah an rxU'hHtnn of 
Smithsonian cave eiplorati-icL^ in die Big Rend region of Texas, 
Waller W* Taylor investi gazed cnvis in the region »f Cwnrgus, Co- 
uhnilti, Mexico, some 20 caves bring excavated in the course of the 
work. Dr, Frank II H. Robert -Ir., mini iM-c j-"I iirriii'^lotrii nl invs^ 
ligations near the town of San Jon, eastern New Mexico, revealing 
four t yjm of projectile points from four shutigniidiii horizons., iht 
oldest type in association with an extinct bison and with in dicat inns 
\hal it may 1w? contemporaneous with the Folsom llonfrm, Dr. Wil 
limn ML Fenton recorded In*juois Rings in New York State and 
Canada in cooperation with the Division of Music in the Library of 
Congress 

P0BljriTfOKa 

Thepublications of the Institution and itsbrand ira, i issued in several 
distinct series, con: tkute ils chief means of accomplishing the M dif- 
fuiion of knowledge. 1 * The Smithsonian Annual Report contain.^ 
in addition la the SecretaryIs admiuisl ru&ive rejjort, u general ap¬ 
pendix made up of selected nuiiiechnival article* which together 
cniipi itiitft a survey of ihe current state of knowledge in many fields 
of scientific investigation, The series Smithsonian Mla^Ritneons 
Collections pmvides an outlet for the results of researches hy Smith¬ 
sonian scientists or collaborators of the Institution vithoot restriction 
as to the field covered. The RidTrt in ami Proceedings of the National 
MiiBumn record the investigation;* of member* of its staff, as well as 
of outside scientista, based on the groat collection* of the Mutuum. 
The Bulletins of the Bureau of American Ethnology deal wiih 
various phases nf the study of the American Indians, Other series 
include the Anmtb of the Aztrophyricnl Observatory* the Title of 
which ia wlf-raplautttorr, am! Smithsonian Wnr Background Studies, 
a new series intended to disseminate inf ruination on the peoples 
and Areas involved in lhe present war. 

During the year, ]0O puhlicat ions were issued, &1 by ihe Institution 
proper, 41 hy the National Museum, 4 by tin? Bureau of American 
Ethnology! and 1 by Uie AsirnphyAUral Observatory. The titles 
iUi(hors r and other details ol these publications will be found in the 
report of the chief nf the editorial division, appendix 11, The total 
number of publications distributed was lfiU.505. 

Outstanding among the year's publications may lie mentioned 
volume fi of the Annals of the Astrophjmcil Observatory, covering 
20 years 1 investigations of the solar radiation: a. paper by lha late 
Carl Whiting Rinhop entitled "Origin of the Far Eastern Civile- 
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(ions: a Brief Handbook*; a pujwr by Frank C. Hibbcn on w Evi- 
cJcnres of Early Occupation in Bum!in Give, New Mexico ■ • 
which tbro'vs mom light on the earliest occupants of this continent; 
* new edition of t!m “HandbrK ik of the National Aircraft Collection” 
by Paul E. Garber; and another volume in tha series on life histories 
of North American birds by Arthur Cleveland Bent, "Life Histories 
of North American Flycatchas, Ijirka, Swallows, and Their Allies.” 
The continued demand for the Smithsonian volumes of tables, in 
large part from war ngnnrie*, necessitated a reprinting of the Smith¬ 
sonian Meteorological Tables ini) the Smithsonian Physical Tables. 

UBRjUIT 

In common with the scientific libraries of international scope, the 
Smithsonian library Btribrcd wwrd disruption from the impact of 
the war. Publication of scientific books and periodicals declined 
abroad, and those thnt were issued were obtainable only with great 
difficulty if they could be obtained «t all. After Pearl Harbor, of 
course, library exchanges ceased with nearly nil countries except 
thwte in tins Western Ilemisplicra. The brighter ride of die picture, 
however, is the service the library lias been able to render to war 
agency official*, not only by providing access to published informa¬ 
tion. but also by putting itnjuircrs tn touch with nicmlicra of the 
Institution's stafi having specialized knowledge and by arranging 
introductions to outride sources. Taking ad vantage of the decreased 
amount of time devoted tn foreign exchange*, ibo library stall grasped 
the opportunity of mental nginc older material that has tong needed 
attention ami of at run aliening and extending domestic exchanges. 
As U5ual many gifts came to the library from association* and m- 
dividuuh, noteworthy among them being 724 publication* from the 
American Association for the Advancement of Science, tJ8 from the 
American Association of Museums, ami a library of some 2,000 items 
on Copepodn assembled by the late Dr. Charles Branch Wilson and 
presented by hie eon, Carroll A, Wilson, The most important of 
the changes in the library personnel was the retirement on January 
31, ID42. of William L. Corbin, librarian for more than 17 years, and 
the appointment to succeed him of Mm. Leila F, Clark, who had been 
assist ant librarian in dungs of the National Museum library since 
1920. Tiie year’s statistics show $,GS5 accessions, bringing the library's 
total holdings to 66i£00: £29 new exchange* arranged; 4,040 “wants” 
received; 4,770 volumes and pamphlet* cataloged; 2tl,fi26 cards filed 
in catalogs and shelftisie; 122&6 periodicals entered; 9,078 books and 
periodicals loaned; and 1,400 volumes sent to the bindery. 

Respectfully submitted. 


C, G, Abbot, Secretory. 



APPENDIX 1 

EEPORT OX THE UNITED STATES NATIONAL MUSEUM 

Sib; T Lutve the honor in submit the foliosing ri’jmrt on the con¬ 
dition ami opera lion of tlm United States National Mttsoum for the 
fLft'ai year ended June $ 0 , 1&42; 

Appropriations for tho maintenance and operation ui the Nutional 
Museum for tin: year totaled $830,078, which was §12.t5T8 more 0nm 
for Uie previous year. 

comsenajis 

Additions to the col Ur turn* of the Museum aggregated [j 3SB &epa- 
rftio accession.--, comprising 2S4 individual specimens, s decrease, 
comparodwilh the previous year, of 130 accessions and 4 &J 04 speci¬ 
mens. Distribution of these additions among the five departments 
wus as fnlfows: Anthropology, 3,000; biology, 245,800; geology, 83 r 
418; engineering and industries, 2,413; and history, 1MV. Tb^se 
qmsitions were received principally MS gifts from individuals, or ns 
» result of expeditions =jHmsured by the Smithsonian Institution. 
All are listed |a detail in die full rejHirt on the Museum, published as 
a separate document, hut the wore important are summarized below. 
Hie total number of catalog entries in all departments is now 17- 
578,240. r * 

A iitkrcijjofogy ,—The division of archeology received 08 Greek, 
Ronifm, and Egyptian specimens collected by Thomas Nelson Page;’ 
severu) examples of ancient Persian pottery ami annum about TOO 
artifacts esc seated in Florida; more than 200 *tone. bone, pottery, 
find shell specimens from the oid Indian village site of PutnwnmekoJ 
Stafford County, Vs,; and 176 artifact* fri.in Btrelhstn California, 
In ethnology, blankets, jewelry, mid wearing apparel, rep re ■•tinting 
llie culture of the Natalia of Arizona, the Zulu, the Tule Indians of 
the Sun Bias coast, of Panama, the Indians of Guatemala, the diced 
Indians of Durian, arid the Comanche Indians were of outstanding 
interest. The ethnological collections were also augmented by 
masks, food bowls, head rests, and cult objects from voodoo shrines in 
Haiti, and cutting and slashing weapons unde hy the Mom of Min¬ 
danao, P. I. Among the important access ions to the collect inn of 
ceramic* wore a gland Parian pitcher made about 1850 in Venn out; 
a Elision snulfbox made in 1739; an interfiling collection uf 

tT 
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eighteenth- anil ninetccnth-century European ware including jittery, 
[jorcolsift, and glass; and examples of Sandwich glass dating to 
about 1840* 

Bi&fapy ,—Hie important mumtiiaHan aceegsiems of die year in¬ 
cluded 30 Antarctic seals, representing -I genera and including 8 
$klm and 3 skeletons of tlio rare Russ's utal; 151 manunaLa from Mo* 
hare Comity, Am.; 54 Mcmchrcrmn mammab, one of which was new 
to science; a Tibetan fox nkin [Ci/nato-pez cw.vHr), n genus hitherto 
unrepresented in the Museum, from Yu mum t China; and 35 bats 
collected in caves near Washington. 

Among the most important and valuable avian awessmiifi of llu* 
year ate I^B45 skins collected in Golmnbhi by Dr* Alexander Wet- 
inura and M. A. C-urriker, Jr,; 447 bird# fi^rn Uraril from the Rnckc- 
Idler Foundation; bird skins from Mexico, Manchuria, Paraguay, 
and Alaska, Skins reprinting forms now to the Muslim coHrctiom 
included 5 from Venezuela, I from Chile,.and 1 from Ecuador. The 
Fish mol Wildlife Service uf ilia Department of the Interior trans¬ 
ferred 53 birds from various parts of the un-hl and 3fiat> of eggw of 
iari! North American waterfowl. Of the skeletal material acquired, 
U3 skeletons were collected by members of ilia stuff, and fK) wm re- 
calved from the National Zoological Park- 

An outstanding acc^ion of ih\^ iliviriun of Gdics cuiifthrf+al of 
1-iJi^jy >j^, ih.r-Ti • from lln* urea hot™ BAD lVs o and Alaska, received by 
transfer from the United State-, Fieb and Wildlife Service* Preen 
dent Franklin D. Roosevelt presented :l fine “mother of eels,* 
1 -j/m rJr/mu^ caught i>ff Noviu Scoti:i on Angus! iK 10IL 

This type min"fin! nf /7y p*obU j \nJo yp* m'fotff.J Included in a cob 
lii'Sion <if V'7 -fHH-isEh r - of fida«-- from ilia Gulf *4 California. New 
mnierauL received in exchange included the following: Hohdjfra 
and parsitype^i of m ■. pecEis from Lib.-n^i .lii « Caineio ms; 20 para- 
types from Rriuijh Yuen tin, and Vcnozu&lo; a cotype of Etunum 
fdrficata from Bering Sea; und one para type etudi of Sebtisttid*# 
Qwst&hi x Mp ctaryr# .1/VW^.v and 

Sfrrwftfoftnf m* #;^ r o ?V^r. 

The division of Inu^cte received the collection «>f Hiuntptetu built 
up by Waldo It McALue, of the Fbh and Wildlife Service, consisting 
of approximately 25,005 ten mens and containing much t.y]*' ma¬ 
terial. Mr. Me A tee also preseiited volumes and papers on entomo¬ 
logical subject* needed for the division** wliimnl library. The co3- 
lection of the late George P, Engdhnnlt anil hw entomnlogicnl book*! 
wt-ro ubo acfiuircd l>> the division—these in addition to the more lluin 
5^00 sjMKumftns of Lepiduptera present ud by Mr. Engclhanlt before 
lib death. The mate rial collected by the curator, Dr, Eld ward A. 
Chapin, during rm expedition in rhmniira, consisting of almut 7,000 
specimens* mosdjy termites, was acci«sioned during the year* A Surge 
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cuI lection, unfitly lieotles* \vnA received ns a gift from the Colombian 
Government. Among other large lobs of impels local ved was u col- 
IcktioB of C2,0QO specimens taken by the Uni tod Slates Bureau of 
Rnlnmo logy and Plant Quarantine., in connection with its activities 
Atccssiuiis to Lha division of uuuine invertebrate inc[tided IT 
now to the collations, representing crayfish* crabs, stoma- 
topods, pyenqjonitLat natraemls, tur tellurian ami ripuut'iiHti worms, 
earthworms, rolifers, sponges, and Unmclc^ The division's see. 
tioinii library received tt* u bequest from Dr* Chaika Brandi Wilson 
it eompreheiKive library (approdmataly 2,500 books and p*ni- 
plikfs) rin c<«p&poda. Among the more important accessions rwaived 
Ipv the dividun nf moltiislcs during dio your was a collection made by 
l>r. Alexander Wei more and M. A. Camker, Jr, T in Cdlombk. Tims 
collection iiidKilled several new species of molludcf-. Two purduwi 
ui;fe matin I brough the Frances I^a Chamberlain fund, consisting of 
lots of 84ft speciiiirns + Several large culled ion# of tnoHusks wars 
drived, repranting tin- fauna of Fiji, Autfrali*, New Zealand. 
Costa Rich* utul Hawaii, atj well as various localities in the United 
Many sin alter atcp>siotua included typos of new species, Ad¬ 
dition* to thei hrimmilioJu^icul collection, also contained numerous 
types arid cotypes. The Muslim-a collection of corals was augmented 
by 1-17 specimens, nmd among the more importent accessions of tpq 
division of eehiiKMleitns i* Lbe Brat speehmm of tire brittlestar 
Ophiocoma 8£thhp* known from Pent. 

Among tile mom important ara^aiims recorded by the division of 
plants \ Niitintml Herbarium) was a lot of £ ? lt& specimen received 
in continuation of cjclmtige from ihelmlituta tic Ciencias Naturales* 
BngoiaL, Colombia- A cooperative project between this institution 
mnl ibo National Museum now in preparation^ n descriptive Flora of 
Oloinl>ia h will Include a report on the afjove-mentioned mat*rial. 

t7f :olu{jy *— Among l be Iftti m ijiemlM added by punJuise to the It*, nib - 
ling collection was a largo, deeply etched uqunmurine from Agua 
Pivta. Afinas Geraeft. Brazil. th* linr L :t singh* Specimen acquired dur¬ 
ing tbe year. Other -me. scions iiidudtnl exceptional examples of 
i'-opper minerals and lend carbonate, an nmtMiil crystallized turquoise, 
Q monarite crystal from Brazil, and a mass of the phosphate 
lithiophilite. Three acquisitions of exceptionally line minerals were 
^btaihid by piirriutse from the collection of Dr, Otto Runge through 
i ho Canfield fund The must outstanding iidditians to the gem cob 
lection earn* through a hqwM i J Mr. Mary Viiux lY.dcuit, among 
which a valuable 12-carat akheitiidriu*, a string of pearls, and 14 
necklaces of gem quality arc worthy of tpecUl mention* Tim geo¬ 
logical eolletUiorts wen* nbo augmented by several important Sped~ 
mens of Tiitf^rkcs and (nn;, among them a complete yja^cimeii of tho 
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City, Midi., stflny meteorite, sighing 2J880 grams, am of tl* 
Jarpit indmduuk of Hint fall, presented by Dr. SUmrt IL Perry, 
Mil » 1 Si-pound JTU 153 of ciadteritc from Goodwin Gulch, Stewart 
Pmumtila, Alaska, iwrhnps the largest single piece of this tin mineral 
Aver found 

Outstanding uniting the secessions by the division of invertebrate 
paleontology and paleobotany are » Jut of more than 1,500 type *peri- 
inens of fo^l invertebrates; i tons of limestone Mocks containing 
beautifully preserved tiiicified fuariJu obtained by Dr. G, A. Cooper 
in the Fermion formations of the Glass Mountains of Tcucas; and 
B t «K» invertebrate fossils obtained by Dr. C. E. Besecr from L |w Cihil- 
hrian and Devonian rocks of Montana, Utah, and the Canadian 
Boddfts. 

Engineering and /itdtotftr—Sctb models of historic aircraft 
formed the larjjest group of important objects received by tb* division 
of engineering. Among these are models of 10 wimien-- of t he Thnmp- 
6011 Trophy air races mu) a model of Sikorsky's 4-motor bin Lime 
Grand, of 1013, which is called the first successful 4-motor airplane. A 
timely addition to the di virion's exieri-ivi- serins of aircraft engines is 
on example of the Allison liquid-ciwied internal omnhnaUon engine, 
type V-1T10-C, which represents one of industry's great contributions 
to the present war. Another very timely accession is a 14-toil, 4- wheel- 
dnv e reconnaissance and command automobile, nr *]W rt Ittd by the 
War Department A transparent, plastic-body 1935 Pontiac autnmo- 
bik mtml ns a loan, fills the divijdoii’g need for 0 late-model car 

With the consent of intend pet™* the material contain*! in 
boxes deposited ,n the care of the Smithsonian Institution by Afcx- 
auder Graham Bell m 16S0 und 1881 ivrts transfer ret! to Urn division nf 
engineering. Idduded are several phmopbmie ittmani tiers, Senium 
Ul thmuds of reemrera, an electrotype phonogram, and * gnipho- 

^mdthSm Wh'' ' ? reprt>dudl1 " Signed to reproduce 

with IhtZord ^ ' n iTim ° f “ }Qt "* ftif WitJlUUt contact 

Thu most v,Qua Lie object added to the medical exhibit was tho first 
Emerson iron lung, completed in 1931, and used for severe! rear* to 
produce artificial respiration. 

The most noteworthy accession in grapldc arts w ns the gift, 0 f 
*£*££* lves printii l irw ><™sly loaned to the division of graphic 
V; t *&***>& T!lis accession was reported and de- 
zenhed briefly ,n the report for HMD With Hie cooperation of the 
Evening Star Newspaper Co. of Washington, the division's cxldhit 
sim^ the steps in the printing of a newspaper was entirely reno- 

1 >C Stlbstlhltim ” f 23 Lcw to replace ttaL now 
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materia] weMfliOMd by the dlririon of history in- 
dudH ^nter^oJor sketch, ptdntel in 1918, by George Scott, emblem- 
a n of the cordial relations existing between France and the United 
Fov the coHretign die Treasury Department for¬ 

warded a number of California gold tokens, coins, and examples of the 
bronze, aided, and silver coins struck at the Denver, Philadelphia, and 
&n ftu» mmta in IHL The philatelic material waa tecrensil by 
1JMU qwcimens, which were transferred from Urn Port Olfie* Depart¬ 
ment. Among the* are stamps for countries now occupied bv tier- 

many including Genrunstamps orerprinted “Luxemburg,” and stamps 
issued by Germany for Poland- * 

EXPLORATIONS AM) fM.n WORK 

Explorations by members of the Museum staff have produced v*]- 
gS and highly useful series of specimens in various 

bv'd S?*,T 0rk . ^ j 5 ^? fl,lida poss^le “^bly by futuLt prwided 
& and by interested friends. With 

Jgg Slates iaU > «k w in December, tha pro- 
fcran j of field sctiviuae was definitely curtailed. The expeditions 
from tliat date we™ those ulrmdv in the field, or tho* that ware 
required bectmse of commitmetUa previously made. Though the 
^opc of the work has been decidedly l«s than in nortm/jenr* 
\xilunMf? results huve been obtained. J ar ®j 

fil ^^^-Walter W. Taylor, Jr., honorary collaborator in 
Q ^' Ietcd ^toological explorations around Cuatre 
• Coahuda, northern Mexico, which he inaugurated during 
^he previous fiscal year. Ite conducted excavations in Tat Burro 

Tr T « Pid &hdtCr * m C:in J' rtn d ° «***, about 21 mii Jwert 
20 ^ m0TTd «“*■ to Sierra do San Vicente^ 

? ^theost of Ci&iegas, where he excavated a larg* rite called 

M 22 M %g»* * 2 * 

™te range In this cave, which measures about 200 feet long and 

m deptl1 frtm 10 to 3 feet, and consisted] of 

compact doors, over which were superimposed strata of fire-crecked 

BumcS’ SlSS' ^^^rthy epecimcna recovered from Fht 
„ r ™ ^tv " fl " wrin «-with« 

”, ma *. ot '«•«. «Hnp*t»bla 

similar to tlio^ frj ^ ^ Te3,flS i st°n* projectile points 

. te those from caves along tile Pecos River, Texas; and ft few 

Lnwi f ^t-sbtdi l-asketry. From Frightful Cava bo recovered 

ttoct tj-paTaf fiitr ^ith bmitey^ gloved clubs, four dis- 
thfi I r»^ r twined woven units, and aprons, Ail 

to ££5L*S£* ™ ffW tr “”.*PoHed to jL£ <£ 

uispretion by the scientists of the Institute Nacional de Anthro- 
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pflliujb « Hist or i*, where Mr. Taylor received every roiirtv>y from 
the Director of the 1 rts+t 1 tution, .Sr, Lie. Alfonso CW, mid tJ«> i/i 
rector of the Department of Frohifrpnnu; Monuments, Sr. lug. [g. 
mucin Marquina, 

From this end of May to the middle of June 1942, Frank M. Set*- 
fer, head curator of the department of suUhmjmlogy, was detailed 
to the National Park Service for tin* purpii?*.' of dir©‘ling a rapid 
arehoolngiin] reocumaisWJU'o within the canyons fanned by the 
Tt nmpjt II ltd Green Rivers in northwestern Colorado otuJ eastern 
Mali, ft* locate and evaluate the prehistoric ruTcs. shelter!?, and vif- 
kgo sites within nn nren that may be imin i.ited eventually, if pro- 
ji'isetl dams are built aletuej; these rivers. The > sped ii ion ! ravelin! by 
boat through l he various rapids within the r any on. and di-covered 
and tested numerous sites. A deluded rejwrrt covering the results 
of these investigations was prepared and submitted to the National 
Park Service before the close of tlw RscM year. 

Biology .—In Mnrr.h, M. A, Ca miter, dr,, carrying <m tim wnrrk 
jcflr with lJr r Wttrnwp t emitiuutjrf tin? *4mlv nml a i]f<N> 
tion nf birds in northeastern Columbia, From Codaztsi, ill the De¬ 
partment of Magdalena, he traveled into the mountains to establish 
a base that Rave access to thr* higher peaks along tllft Venezuelan 
larder. These invest igul jo u* were supplemented by collections from 
i|m? lowland ureas, wlueh were of value in connection with materials 
obtained in March 1041 at, Caracolicito, in Lhc drainage of tho Rio 
AriguatiT. At the cluso of tho fiscal year three studies, which were 
made possible by the W. L Abbott fund of the Smithsonian Insti¬ 
tution, ware still in progress. 

Dr, Leonard p, Schultz, curator of fishes, was al**nf. from Febru 
n ry i to May 28 in Venezuela in connection with the program of the 
Department of State fop promoting cultural relations with other 
American countries, i>r, Schttllz sjjeut 2 week? in Caracas, whore 
lie consulted with various scientific groups, mid die remainder of 
hi? tiini' in the Maracaibo Busin, studying tho fish fauna of that region. 
His work there was made | tumble by the friendly coo juration of the 
Ijflgi' Petroleum Corporation at Maracaite) and Lagunillas. For S' 
days Dr. Schultz collected in the valleys of the Rio Motatiin, Rio 
L hama. Rio Cuts turn bo, and Efo Turbe®, all in (he Andes, He ob- 
lamed about 10,000 fish specimen A, including approximately 115 
species, and other mtturaLhistery material. Tim fish collection is 
ibc must complete one that has been made in this region and wi]J 
afford valuable new information in this field, 

Dr * & *b Chapin, curator of insects, worked for fl weeks in 
Colombia, jn connection with the above-mentioned program of the 
Department of State. For 5 weeks ho was in the vicinity of Bocotfi. 
mainly at the Institute de Cienrias Naltiml&s in the University 
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Center. Through Lhe cuurteay of Dr. Armando Dupand, Director of 
ills lu-iiiuto, Dr. Cluipin’s researches were conducted with the close 
coopt: rollon of Luis M. Murillo. chief entomologist of tlie Colombian 
Government, Francisco Otoya, tufe-isiiint entomologist, and Hernando 
Qaorno, prepaiulor. Sir. Murillo conducted Severn 1 field tri^ that 
permitted Dr. Chapin to litreome nrqunintetl with Mtme of the major 
entomological problems of the country. These included investiga¬ 
tions in the citrus regions near CachetA, Pacho, and Guateqoe, and 
two trips into llje PAruiun near Guascn. Study in ihu RogutJi area 
was accompanied by a tour oE other rcu-ntific agencies in Columbia. 
Dr, Chapin veiled the agricultural institute at Mcdutlfn. where 
work on the collection of insects is tinder the direction of Dr. F, L, 
Gal lego. The party, consisting of Messrs. Murillo, Otoya, mill Cabnl 
(an eiitnumlrigicnl sittdenT). ami |>r. and Mrs, Chapin, then pro¬ 
ceeded to the A grim It lira! Experiment Station at I’almini. While 
tliey were in Cali Dr. Beii&irio Luanda escorted the party on a cub 
lee ting trip into the Cordillera. Tiny then returned to Bogota 
for a final wwk of work at the InstitUto, where special attention was 
given to the family Coceundlidiit, which is "f cniiRtdenible veotirnnlc 
importance in Colombia. Plans were forum luted for further collab¬ 
oration between the Institute and the United States National Museum, 
with a monogrnphic account of the Coccindtldae of Colombia os 
the end in view. 

C, V. Morton, assistant curator of plants, spent October ami 
November in Cuba, under the sj^msortiiip of the National Museum 
and the Department of State, fur the dual purpose of botanical field 
work and the furthering of cooperation with C'ulum scientist r. Mr. 
Morton was occupied part of the tune in making partial catalogs of 
the ferns in various herbaria. In cooperation with the Cuban De¬ 
partment of Agriculture, and in association with Messrs. Acuna and 
Alonzo, of the Kstacfon Agronumica at Santiago (hi La- Wgns, he 
also undertook fluid work in the mountainous part of Orient®, isgjw- 
riully on the Sierra Wipe, ami tile northern *ih«|« - of the Sierra 
Maestri*. Later he made --ollections in the Triuidnrl Mountains of 
Las Villm?, with the rTarvarel Botanical Garden at Solrdsd as a 
and, through the friendly interest of the Colegio de La Salle 
of Ilubanu. In the Sierra de Los Organoa in Pinar dd Rfo. These 
expeditions multcd in the coHu-'iini) uf 0,OHl sja'cimenH, represent- 
mg approximately 1,600 numbers. 

Dr. E. H. Walker, in-sis; aul curator nf plants. was occupied for a 
week in June in the Piedmont and the Blue Ridge Mountains uf 
North Carolina and Sooth Carolina, making botanical collections. 
Under Dr. Wtlbr'is leadership, focal field work has been carried on 
by members of the Conference on the District uf Columbia Flora. 
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-Fidd trips to the West for vertebrate and invertebrate 
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J T, U *■ *“« CUrat or of invertebrate pakotttaWv ™» urt 
f the iiimjmer in Montana, mtd part in tfca Canadian S,ckieJ Ac 

a brief col lectin^tH r Ma *7’ ° f itis50ul,i ’ - h " &<*t nude 

ojf tViiif ’ f triple (he northern Wasatch Mountains in ^on-li 

ie lioa r rt < a ;V 1>n 1 eUJ in <*■* nunintaios adjacent to 

Lak^V-r * reit r aH laJlke L<iuise 6114 wcst treyctnd Emerald 

**“■* tW^piartais of a coatury the fossil brt „ 

world ThftmiM* tiiroii-hout the 

2 J, f !l k *S“* 1|[l r ™‘ Fidd i@ onlj » ttih'B long, but it 
f -aii- i! f" ritinf trilo bites a ** common, anil many other 

£Xl£kt n SP 1116 ° f ihB C^L Z 

(_■ , l \ «*rvtrt*, Dr. Resscr and ins party collected excellent ma* 
..ortlL^ /*!. ?- S , Dt- ^f 8 *^ P riviIc ^ “* ^Itow the trail on the 

by li e n wtw^T n<u * Bivcr to B(tr e* ss !*«, made famous 

rL hv h V f ; ,r ' ll,T fi'w^ry "f Uia SmUhsonim. Imrtitu- 

twn, b> his discovery of the most remarkable fotnm of the® earliest 
geological (XjrjodB yd found. rJtwl 

Dr.Q. Arthur Cooper, assoc itu B cum tor of vertebrate nal«mtdtnirv 
jjfjnK f ^ l3tn Md Oklahoma. In Fort Worth ho not 

,.1 l i Vwd1, nnd inr d d ®y fl * together wilh Dr. Ralph H Kimr 

ESS^ite l ° Mttrndlt ^ Tts. T wham they spent a 

T Inf r 11 r^T . . lM * «"*■*■* rilicifii fa* 

£*£*■*?, D r r ’ mt ' L **«■ J* H- It^nfro and her dauS- 

?nrb V? » W °f 4 of the Pemisvlvanian nits ol 

Jjitii County and the trctawuus rwks around Fort Worth where 
Jioy obtained many interesting foorfk In Augnst C..lr,, r , oh 
letted Devonian ami Ordovician fossils at Ardmore. Okie, and #h « 
continued to Ada, Okln., where he was joinod !>v Dr C I aliri nr ^ f 

-h^T^P ™ 9“*^ ” 1 ’» «•"<!,,1 Kim Z SSijSS* 
whom fret Pennsylvanian fc^il* are obtainable \ t M „ r ' 

made a line collection of MkdmippUn fi^jR and fm m ^ ^ he 

m the third season that Dr. Cooper has collected in die- fiS l . ^ 
the 4 tons of blocks containing sdicifiod foadk ctSSci jfX n 
Mountains, ami many tibuamd sMcimerifi . f f ii . GI * SS 
f-ii s Kbmi^d Ok in „„ rlk . CMllrd Tel „ „7a 
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Museum now has an important scries of Permian antj PenusyIranian 
fossils. 

-As the field expaffition in vertebrate paleontology into the Upper 
Cretaceous and Paleoceni* regions of Utah, trader Dr. C. L. Garin, 
associate curator, ea?ended well into tho present year, only brief men¬ 
tion was made of it in Inti year's report. The party succeeded in oU- 
ruining some unusually good material of the smaller mammals, the most 
outstanding bring the lower jaws and fragmentary parts of the skeleton 
of the rare Shjlinatfm, and good specimens of the larger f irms sneh as 
thfrachtfu* and Pdeot$t>pt, Oilier interesting run to rials are a larga 
slab of turtle remainis, which will make an intending exhibition piece, 
and a small collect ion of Paleccene mammals from the Alma forma¬ 
tion in western Wyoming, 

Starting early in June im, C, W. Gilmore, curator of vertebrate 
paleontology, fed * party to explore the OUgoecne rocks nf eastern 
Wyoming and western Nebraska, where good progress in the discovert 
nf mammalian remains has already been reported. Mr. Gilmore had as 
actant the experienced collector George H. Sternberg, and was ac¬ 
companied also by Alfonso Segura Pugunga, of the Mttseo Narional. 

Jasc * C®®* a The account of operations will bo carried in 

next year's report. 

In continual hut nf former field work in Mexico. Dr. W. F. Foshag 
curator of mineralogy and petrology, returned to tlmi country in rvb- 
nmry, under n cnoporatrre arrangement with the United States fits 
ologirol Survey and with the Board of Economic Warfare, to direct 
further strategic.mmoral work. At the end of tile fiscal year be was 
still m the nula. 



From Jfnn* IT until M»j In, 1142 .Dr. E™i nBm „ KMIn 
of mm rntk, will, w.l»n M. Ftan-go, soi.ntHrc .U, u SSst, «m 
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tliflt purpose at aunt time In the future. 
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Viaitort, —Citrt-Otlnienl of travel hocause of the war ho it less effect 
(linn anticipated upon t lie number of vishore at the various Museum 
buildings. ’Hie total recorded during t he year was 2.042.817, ns «pn mg { 
2,506,817 for the previous year, Tbo largest attendance for n single 
month was in August with 381,052 visitors, oml the stcoml largest 
was in July 1941, with 329.927. Tins Attendance in iIik? Jour Smith¬ 
sonian unit Muslim building* waa ns fra I lows: Smithsonian Building, 
375,(330; Arts utn L Industrie Building, 936,625; Ximirnl History 
Building, (122,989; Aircraft Building (dosed from July p, November 
«), 107,573. 

Fublitot'fm* and prin: 1 my.—Tho etim of $34 ,750 was a vui 1 aide. during 
tSie fiscal year 1042 for the publication of the Annual Report, Bulletins, 
mid htweedtngs. Forty-four publications wen' issued—the Anmml 
Report, 3 Bulletins, 1 part each of Bulletins iiO, 82. and 161,1 fiepurate 
paper from volume 28 c f i!„. Contributions from the United States 
Nuti<-na) Herbarium, and 36 separate Proceedings papers. Titles and 
niitliorfl of these publications nil! tie found in the report on publics- 
liana, appendix it. 

Volumes mid wpnrntcs distributed during (tic year (.< libraries in¬ 
stitutions, ami individuals throughout the world aggregated 82,545 
nopke. 

Fifteen special exhibits were held during the year 
under tluj nnspk-es of vaiious educational,, scientific, recreational, and 
gfwrBDwftliil groups- In addition the department of engineering 
and industries arranged 2J special displays—10 in graphic artd nud il 
in photography. 


tUlANGES IH OKRAS tamON AND STAFF 

In (he department of anthropology, Dr. T. Ddn Stewart succeeded 
U. the curatorehip c»f physical anthropology on April 1,]»42. following 
the retirement -f Ur. Ale* HrdlFka, ami Dr. Marshall T. Kcwnmn 
wu» appointed associate cur nt-w on June 22, 1(®. 

In the department of biology, division of birds, Herbert G. Drig- 
nan wus advanced to associate curator on February 1, m2, and S- 
IHIfnii Ripley, 2d, was appointed assistant curator on M«rdi 13, il® 
In the division of mammals. Dr, David H. Johnson whs appointed 
ussocifitc curator on August 18, mi. On February S, Jf®, Dr 

Egljert H, Walker was reallocated to actant curator, division of 
pljmta. 

In the department of geology, the division of physical and chami- 
«i geology (systematic and applied) and the division of tninerelogv 
and pctwlogj were combined under the title of division of mineral- 
ogf and petrology, with Dr. William F. Foaling an curator and Ed- 
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ward P.Hendemm a* associate curator, The division of stntigtvphic 
paleontology became the division of invertebrate paleontology and 
paleobotany, with Dr. Charles E, Baser iu> curator and Dr. G. Arthur 
Cooper as n^xir-tt curator* These changes were effective June 17 
{942. 

On March 1, 1042, the following members of the staff were ad- 
Wiwl to associate curator; In the department of anthropology, 
■). h. Heckler, Jr*, uml H nli!» It. WVtltlj in the depart merit of bj- 
ology, Doris M. Cochran, E. E, Btackwelder, C\ tt. Shoemaker, and 
Ifarald A. Rehdrr; in the department of geology, C. Lewis Gstein; 
in (he depurtment «f engineering and industries, Paul E. Garber, 
William N. Watkins, and A. J. Olmsted. On the sun# date, B, O. 
Reberhnlt, of the division of mineralogy and petrology, was made 
senior scientific aid. 

On February 1,1W2, Mrs. Leila F. Clark «'8<i appointed librarian 
of ihe Smithsonian InsUtuUw), in the position made vacant through 
tha retirement of William L Corbin, anti Elisabeth P. Hnhhs was 
advanced to associate librarian on May 21, 1942. 

Honorary appointments were con ferret! on W. W. Taylor, J r., m 
collaborator in the department of antiiropology, July l, 1941 ; on Dr, 
AIck Hrdiicka, uS associate in anthropology, April 1, 10-12; and on 
Dr. Henry Pittier. as associate in Itttnny, September 25, 1941. 

Tho following employees wore furloughed indefinitely for military 
service: Clyde E. Bauman, January 22, 1942; Stephen C, Stunts, 
March 0, 1942; Shall io YoungblW, May 20, 1942; and Earl W. 
Conk, May 24, 1942. 

Employees who left the service through the operation of the re 
tin-meat act ware u.s follows; For age, Dr, A leg' Ilidlu’ka, curator, 
on Marc h 31, 1842, with .is years 11 months of service; Joseph P, 
GcramiDer, P™ 1 ' 1 - «r» Dewrobor 8, ifltl, with 23 year* 3 months of 
wrvjce. Through op Lionel retirement: Fn-d Knske, scientific aid, 
wit h 39 years 11 months of service, on May 31, 1942, and Samuel P, 
Durov, guard, with 33 years 7 months of service, nn May 31, 1942. 
Through disability retirement: William H. Smith, lieutenant of tint 
gtiur-I, on December 31, 1942; Robert G. Tegelcr, guard, October 
1. 1941; Thomas ,1. Shannon, guard, oil November H, 1941; und 
Arthur 0. Wictert, under mechanic (electrician^ helper), on Jan¬ 
uary 31, 1942. 

V'* km**ry appointments of W, L. McAter, acting custodian, 
scutum of Hemiptera, ami of W. W. Taylor, Jr., collaborator in 
anthropology, terminated on June ;g} } 1942 . 

1 he Mtiivimi lost through death 3 active workers: Joseph R. Bilcv, 
associate curator, division of birds, on December [7, i94i; William 
H. Bray, prepare tor, department of anihmpology. m December 18, 
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HHl; Jacob C. Earnhnrt, guard, on February 10,1942; and C honor¬ 
ary members of the staff who were long associated with its activities: 
Dr. Charles Branch Wilson,, honorary collaborator in copepods, divi¬ 
sion, of marine invertebrates, on August 16,1 Ml; Dr. Hugh JL Smith, 
associate in zoology, on September 26 , 1941; Dr. Casey Albert Wood, 
collaborator, division of birds, on January Sfl, 1M2; Dr. C. Hart 
Merrmm, associate in zoology, an March 19, 1942; and Dr. William 
Sch&us, honorary assistant curator of insects, cm June 20, 19-12. 
Respectfully 'submitted. 

Auriander W’ETMoiut. Assistant Secretary. 

Do. C. G. Amir/r, 

Secretary. Smithsonian Institution, 


APPENDIX 2 

REPORT ON THE NATIONAL. GAJXERY OF ART 

Pm: I have the honor to submit, on behalf of the Board of Tins' 
toes of tin* National Gallery of An, the fifth animal report of the 
Board covering its operations for the fiscal year ended June 30. 
1042, This rqKJrt is being made pursuan t to the provisions of the art 
of March 24, 1937 (50 Slat, 61), as amended by the public resolu¬ 
tion of April 13, 1939 {Pub. Res. No. 9, 70th Cong.). 

OBO ANIMATION AND BT.M'V 

Dining the fiscal year ended June 30, 1942, the Board was com¬ 
prised of the Chief Justice of the Uni ted States, Harlan F. Stone, 
who succeeded the Honorable Cileries Evans Hughes as Chief Jus¬ 
tice and took office on July S, 1941; tin? Seqrctaiy of State, Cordell 
Hull; the Secretary of the Treasury. Henry Morgen then, Jr.; and 
the Secretary of the Smithsonian Institution, Dr. C. G. Abbot, ex 
officio; and five general trustees, David I\- E, Bruce, Duncan Phil¬ 
lips. Ferdinand Lnminot Bclin, Joseph E. Widen**-, and Samuel IT. 
Erase. 

At its annual meeting held February 9, 1942, the Board reelected 
David K. E. Bruce. President, and Ferdinand Laminot Bolin, Tice 
President of the Board, to serve the ensuing year. Tim executive 
officers con tinning in «ffii» during the year were Donald D. Shepard, 
Secretary-Treasurer and General Counsel; David E. Finley, Direc¬ 
tor; Harry A. McBride. Administrator; John Walker, Chief Cura¬ 
tor; and MacgUt Janies, Assistant Director. At the annual meeting 
tho Board elected Chester Dale of New York as an honorary officer 
of the Gallery, giving him the title of Associate Vice President. At 
a meeting of the Board held December 29,1911, the Board provided 
for the appointment of Otto R. Eggers and Daniel P. Hi gg ins, con¬ 
stituting the firm of Eggers A Higgins of Now York, as consultant 
architects for the National Gallery of Art. Daring the year, George 
T. Heckert was appointed Assistant Administrator, eudi appoint¬ 
ment being made possible, because of the reclassification of his office 
by the Civil Service Commission. 

Alan at the annual meeting the Board, pursuant in its bylaws, con¬ 
stituted its three standing committees as follows; 

3D 
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EHfcflil E. Fi Jinwo* vice elm I mm th 

SetTfUitf o£ Uw Sinlrh:—titan Jmitlltrtk'i], Hr, C. H Abbot 
Kwali nil tut Be] I n- 

Puiicna FhEIIIpi 

HHA^t COMUITTEE 

vtar* iif she Tnuiiiirjv Ilwiry llnrgeruhmi, Jr. + ttitiirmtiri. 

D,a '■ i: I K K R n rtv T vkv bjdrtii n n 
afriTiuifltp ..f Sints* CunMl Hull 
P^rfl I e m i itl [jiiurufit Reltn. 

SiimupL EE. Kw 

jncQunirnnnii covvmtc 

EUviil EC. t: Bnrrt\ rbtlrmnn. 
i'i MthuihI L4uunuE Heltn. rlrt? r(j-s1r»inii 
rnjwm Hiiiup-L 
Ifwwpti e. wraflmer. 

Hut li! \l FinlcT, n nffHo, 

All [>o*3tio£ta uritli fJhi G&Itery, with ihr vitwjitiim of tint ojeeutivo 
uml honorary officers, arc filled from (hr register? n£ (he United 
Slates Civil Service Commission or with its Approval. By June 30, 
1942, the permanent Civil Service stuff numbered employees. 
Since tiro opening of hostilities. 12 members of tile staff bad joined 
the armed forces. 

AJTBOVfclAnONft 

For salaries and expeptes, for the upkeep nnii operation of the 
National Gallery nf Art, the protection ami care irf tie works of art 
acquired by the Board, rad all odminfetrilfoe expense* incident 
thereto, as authorized by Clip, act of March 24, 1937 (30 Stul. 51>, as 
amended by the public resolution of April 13, 1 m (Pub. Res. No, 9, 
TCth Cong.) T llio Congress appropriated for the fiend year ending 
June 30, 1942, the sum of to cover the first foil year of 

operation. From Lius appropriation the following expenditures and 
encumbrances were made; 

ortJiinrirw^ as* ekcu« hit Arrets 


Pwmnl ..—-«SAEe,22 

IVlnttbj* wwl hlrullng___________ rt&fVTn 

And £lc___ _.. Xl^-l, pp7_ jg 

*"*™-----36. tea no 

l iiencmnlicriMj bultmci 1 -. _ 3 ^ 


ToTiu_-_-—- - -— m 300. 00 

ATTEmiHcm 

t tic total attendance for (he first year during which the National 
Gallery was open was 2,005,328, a daily average of over 5<flG0 visitors. 
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A unique record for museum nr tern Jut ice *ri« established on July 7, 
lit-il, when the one millionth visiter entered the Gallery, less than 4 
months lifter its dedication. The Gslh-rv is upon to ibe public each 
week day of the year between the hours of 10 ». tn. arid 5 p. m. t except 
for Christmas nod Now Year’s Day, and on Sundays from 2 until 
■* p. m. 

On June 7, IMS, the Gallery inaugurated nit experimental series 
of Sunday evening openings, primarily for the Iwncfit of men in e hr 
armed forces and war wurkers in ilia city. 'Hip exhibition galleria? 
wnn* open from <t to 10 p. m., and orchestral concerts during the 
summer moullis were given, through the generosity of Chester Dale, 
from 7:15 to doting lime. Special lectures with color slides were, 
given by the Gallery staff at 7:30 mid in tin- lecture hall, and 
Urn cafeteria in the Gallery building was open from 4 to & Each 
Sunday evening from 5Q to 75 service men were invited by member* 
of die hiaff und by friends of the Gallery to supper in the cafeteria. 
On Sundays the attendance frequently exceeded h,lKN>; and. in view 
of the popularity of the Sunday evening openings, ir wo?; decided 
to continue the arrange men l it] definitely. 

Through Lh'' getiuiosily of Mr-. Matthew John Whitinll, I in- Gil 
lery presented in the lecture hall on the ground Hour, n concert by 
the Budapest Suing QuarLel on Sunday afternoon, May ill, 1142. 
This Ewnoert had been planned for men in ihe Sendee and their 
friends, the program lasting approximately 1 hour, 

rcnl.iuinoKa 

In die informal ion rruaoa in die Gallery building, a general in¬ 
formation booklet is given without charge in visitors on request It 
contains a short survey of the collections und information which has 
boon found to Ijo of great assistimee tu visitors to dm Gallery, Also 
available, aro catalogs of ihe paintings and sculpture, a complete book 
of jlliistratiMiaof all the works of art in the Gullary’s collection, color 
reproductions, and putaearda in color and bhirk and white, till made 
available through die Publications Fund, Theso public*! ions arc on 
sale at mockwatfl cost, 

AIRRAID PROTECTION 

Immediately following the nut break of hostilities on Decern I ht T, 
1(H1, die National Gnllrpy building was blacked out nightly. The 
stair was organised into five air-mid services: Fire, police (includ' 
ing morale), health (first aid), maintenance, and evacuation. Drills 
were Started and repealed frequently in order that die units might 
operate smoothly in the event of an actual air raid. Drills that were 
held in coordination with the District of Columbia mil Imrities, when 
visitors were in the building, evidenced the measure of cfliE-lonpy 
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wiucli had bean readied by (be protective organization in the OaJJerv, 
Purchases of air-miri protection equipment were also made as 
promptly ns possible and to the extent permitted by the great de* 
uand for such equipment 


removal of woesa or ast to a plai^ or aArasimscj 

At « special meeting held December 2fl, 1M1, (lie Bonn] approved 
Hie recommemifttmaa of lie executive officer* „f the Gallery that a 
hrntted number of tie most fragile end irreplaceable w 0r ii of art 

delTti* w "*<"* to fl pl«* of greater safety, in 

^ of the reliability which r-estn with the Trustees for £fe- 

guarding the collection- Eady in January, therefore, the paintings 
and sculptnhe to I* evacuated were removed from exhibition ftI S 
flipped under |U«tl to the place of safety which had Imn deter¬ 
mined upon and adapted for the purpose, AU of the vmrk* of urt 

^lri Jn Cnt Whih ,lm3 »' ^'nige, they nr* Tinder 

conetnnt guard by menjUrs of the Nntinr.nl Gallery guard force and 

™the Gnlle^ 1Ch,J tn£plMtion ^ * mcm,X!r of the curatorial stuff 

Be.vom] this partial evacuation, however, it was the expressed 1»- 
bef of Uie Trustees that the Gallery has a duty to the public (tut a 
imtt of thefroveniment establishment), and an obligation as a sour™ 
gi recreation end education to continue its oetivitiffl, and even iu- 
thcirij ns for jig practicably in Wa rtime 

Anqin^rTTONs 
iam or inim* 

On Fi-Jiniary B r 1S42. the Board of Trostees accepted from Philip 

^ mt hy Iiftns Bftldung {Orient to 

be added to his earlier gift of prints which was foduLl m last 

Animal Export; and again un April 2 T t 1M2, the Board ac¬ 
cepted » gift of SB prints from Miss Elisabeth Achelk 

atma or fuxajDH ash scu-Pruaa 

Oft September 6, 1W1, the Board of Trustee accepted from Mr 

al^ B - F " l “e h “>' s “ «“ si* °f » 

Portrait of I>turn Bartulam^ Sureda 
PorlraU of Dfin* Teresa SumJu 

^VniTlrt To - n **“ Frdi "«'>“W S sorter Mi f. lllcr , 

•SllSkm. ' Tl "« pointing!, m now ™ 

O nJ'jfawM y 9, 1042, He Guard Tnme« wxeptej from D „„. 
con Phillips, a Trustee of the GuUciry, the gift of a portrait of 
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former Chief Justice Hughes, first Chairman of the Board, painted 
by Augustus Vincent Tack, which has been hung in the Board Room* 

On February 1942, the Board accepted from Mrs. Ralph Har¬ 
man Booth, the gift of the following pieces of sculpture, given In 
memory of her husband; 

Creek (fourth ttnttjj H- C.)-Hoad vf n Toutti. 

JUddlr aiMitldi SclieoL___ _ Pkta, 

NcttiUKliura Bctiool-Fatate4 alatfcuUrr, Clirl*! 

ai^rwrtrd by an Anjel 

On April 27, 1942, the Board of Trustees accepted from Mr, and 
Mrs. George W. Davison the gift of a portrait of George IV ashing - 
tun by Rembrandt Peaie. 

Also, on April 27, 1942, the Board accepted from Mrs, Gordon 
Dexter the gift of two paintings by John Singleton Copley: 

Hert Crws Knight 

i'ortratt *>f Sir Ktlxrt C imho in 

The paintings have been received and are now on exhibition. 

On April 27,1D42, the Board accepted from Mm. John W, Simpson 
tlic gift of a group of paintings, drawings, and sculpture. Included 
in the gift an two paintings, one entitled “Soap Bobbles," by Jean- 
Baptistf'Sbiivon Chardin, and the other, “The Binning Children," 
by Sir Henry Raeburn, the latter presented in memory of the lata 
•loJui Woodruff Simpson. The 11 drawings and 13 pieces of sculpture 
by Auguste Rodin constitute a unique collection acquired by the 
donor twine 4(1 years sco directly from the artist. The Clodion terra¬ 
cotta plaque also served ils a model for the decoration of ime of the 
monumental urns by Clodion now in the Gallery. 

AVtE OR EXCHAHCiB or WORKS Or ART 

During tlui year no works of art belonging to the Gallery were sold 
or exchanged. 


I/JAK or WOOES or ART TO THE HALLEBT 


During the year the following works of art wore received on loan : 
From Copley Amory of Washington, D. C.: 

ArtUt 

John fUngtatnii finjdFT_ 

Tk> _ _ 

T* ___ 


ni^nry WUUam 

John Klosletua Ctapl«y_ 


fll/crl 

Tho 0^1 pj FnniUjr 
Self-f»rt fait 

Foma ft of EHsnlwOt Copley 
rnrlTiilt of Jfihti ^fn^cenn Ciifi% K Jr 
Htfd crayon dnswtuc cf u tuml 


From Chester Dale, of New York. 12H important paintings uf the 
French nineteenth-century school ami other schools of painting, to¬ 
gether with 31 French drawings. 
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1 I trough the French Government from museums and private col¬ 
lector* in Europe, 154 paintings of the French tidtool "f the late 
eighteenth and ninetamtii centuries. In addition, this hum has been 
.supph-mcmed by 101 French drawing's which have not yet Ixscn pieced 
on exhibition. 

I' mm the heirs of the late Bight Reverend William Lawrence n por¬ 
trait of their ancestor, Amos Lawrence, by Chester Harding, 

From the J. II. Whittemore Co., of Naugatuck, Conn., 24 French 
rtml American pointings from the Harris WhiUeiimie cullwlitnj, The 
following paintings front iJto collect inn have been pined on exhi¬ 
bition: 

Sii*/C('P 

— —■-,-— Til if IWirnrr N 

— ----— Nttdo In i ji i jitntrn fw i 

—— Girl wit Is ji Obi 

-.———-- The WWtc Girt 

——^„ . _ llii» gm, 

— - - — 1 /Aj ntfi[i i,hJ i-imf 

ii>AS OK U’fffiwi I»r ART m:\truxtt, 

Daring the year thu following imrh ..f art whirli had been placed 
"ii loan it ilir Gallery were returned: 

To Duncan Phillips, a Trustee of the Gallery, two painting.- juvvi- 
otiely loaned by him: 

Arttu n*b}«t 

Csmiik. Corot—-_-Tb« Ii t 1r 7 Fnno 

OoutaTi, Ceiirbrt-—.—. -Itoclut til Orcjua, AUvraJew 

or H'4j|iKB or a srt (it tup omjjpiy 

During the year no works of art, belonging to Iho Gallery, we™ 
placed nn loan. 

tex inn moss 

Tbo followitig exhibitions were held at the National Gallery during 
the loot year: ' “ 

An exhibit km, entitled “Ttin Grout Fire of London, 111 to," of JOT 
paintings and drawings of wnrtime Loudon by artists serving in 
the London AoziEary Fire Service, was shown m the Galkrv from 

.fnly .18 through Aiignst 10, mi. ... by the British (Snvcin- 

meni under the auspices of tta British Library of InfrumutTon, this 
exhibition—selected by Sir Kenneth Clark, Director of the National 
Gallery, London; Sir Walter W. Russell, R. A., Keeper of the Royal 
Academy; ami J. B. Masqn, former Curator of the Tate Gallery, 
Loudon—after the completion of its Grst showing in the United States 
at tlie National Gallery, toured rlio United States and Canada. 

Seventy paintings and drawings, and sculpture, roptvsentW the 
«« Of Australia from 1788 to 101 i, were placid nn exhibition «t the 


JrK 4 i( 

IM&lt Uc^ip..__ _ _ _ 

Aiii^sjv^ Itc^nnir__„ _. 

__-_.__ 

J A Vnilft[k-r__ , 

P*_._ 

Iio— - - , _ _ -_ 
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Gallery from October 2 to 25. 1MI. These works nf art, the firet 
comprehensive exhibition of Australian art to bu shown in the United 
States, wore wut, under tile auspices of the Carnegie Corporation 
of New York, by the CcunnumweaJth of Australia. 

Architectural drawing of the National Gallery building, to¬ 
gether with progress photographs and m model of the exterior of the 
building, allowing the development of the building from the first 
sketch to the final drawings, were loaned by Eggcrs A Higgins, the 
architects, for exhibition at the Gallery from December 18, [{>41, to 
January 28, 19-12. The A. "W. Mellon Educational and Charitable 
Trust, to augment the exhibition, loaned a number of renderings and 
photographs of tlic progress of the building from their own records. 

Two groups of American water colors, drawings and prints— 
"American Artists’ Record of War and Defense*’ and “Soldiers of 
Production”—were shown at the National Gallery; the former from 
February' 7 to March 8. mil, and the latter from March 17 to Aprit 
15, 1942. The water Colors in the first group hud been submitted 
in national compotjiiun for pictures m ol ding war and defense nettv- 
iliiw, con ducted by tbr Section of Fine Arts for the Office for 
Emergency Management, and most of tlmn> were purchased by tho 
United Slates Governmerit after selection by the nppnintcd jury. 
Those in I he second group were water colors and drawings by eight 
artiste appointed on rccomm mutation of the Section of Fine Arts by 
Lhe Ofiica for Emergency Management and who, through the courtesy 
of tile War and Nan- Departments, were permitted to make drnwings 
and ptfa t llhi p of what is ktuiwu as restricted luftteml. 

Tha Citizen- Committee for the Army and Navy, Inc., exhibited 
at tilt Gallery for a period of approximately 2 weeks, tx^iiming 
April fl, VM2. three triptychs by contemporary artiste, which had 
oeen selected by the Committee for later presentation to tho Chapel 
at Arlington Cemetery, Ya. 

An exhibition of paintings, posters, water colors, and prints, show- 
tng activities of the American Red Cross, were exhibited from May 2 
in 30, 1942. These paintings were submitted in a national competi- 
lion conducted fin- tho American lied Cross by the Section of Fine 
Arts, Public Uni Id mgs Administration, Federal Works Agency, The 
exhibition included the pointings which worn purchased for the Red 
Cross on ail vice of a jury, together with a group of ui|n>r pictures 
also recommended by lbi< jury fur exhibition 

An exhibition of U portrait busts of the Presidents of the Repub¬ 
lics of South America, by tin* American rcutptor, Jo Davidson, was 
bold -ti tho West garden court at the National Gallery of Art, begin¬ 
ning Saturday afternoon, Juno 27, and continuing for about a 
month. These busts were commissioned by the Office of the CO¬ 
HO! OBI—IS-1 
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cirdinator of Inter-American Affairs and will t* presented to the 
Governments of tbo South American Republics by the Department 
of State ©f (lie United States of America, Pori mit busts in bronze, 
also by Jo Davidson, of President Franklin Delano Roosevelt and 
Tire rraadonl Henry A. Wallace, were shown at this time, 

COHAHUOAt, riEpAEntENT 

The ctirabriul work for the year consisted in tbo rearrangement 
of tiid permanent collection neee*4lated by additional gifts and by 
various precautions that wen* required by the outbreak of the war; 
in the installation of IT temporary exhibitions; in various lecture? 
on the collection and related fields in conjunction with the work of 
the educational department; and in further cataloging of the paint* 
ings and sculpture. During the year the preliminary Catalog of 
the Permanent Collection ami the Book of Illustrations were brought 
tip to date and reprinted; two catalogs containing a historical sur¬ 
vey, notes, and bibliography of the French paintings loaned from 
the Chester Dale collection were compiled, and a new general in¬ 
formation pamphlet was prepared. 

In the course of the year, 3K> works of art were submitted to til* 
acquisitions committee with written recommendations regarding 
their acceptability for the collection of the National Gallery of Art; 
40 private collections were visited In Washington and other cities 
in connection with offers to the Gallery of gifts or loans; I5£ works 
of art were brought to the Gallery and submitted to the staff for 
expert opinion; and 44 letters were written in answer to inquiries 
involving research in the history of art, 

CE3TORATION ASP J1KPAIB OF WOBKS OF ART 

Diming (la? year, as authorized by the Board and with the approval 
of the Director and Chief Curator. Stephen Pichetto, consultant re¬ 
storer to the Gallery, has undertaken such restoration anil repair ol 
paintingn and sculpture in the collection ns has been found to be 
necessary. All of this work was carried on in the restorer’s rooms 
in the Gallery except la three cases, once when unusually delicate 
and complicated restoration w«s required, and twice when the pic¬ 
tures had to In* relined la prevent damage in shipment from New 
York. There three paintings were restored In Mr. Fkhetto’e studios 
in New York, 

HJirCAXlOyAL FBOdKAW 

As indicated in the following summary, public response in the 
program of educational activities of the Gallery has constantly in¬ 
creased month by month until the total attendance recorded for 
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Jnne, 1842 (6,381), more than doubled that recorded for July, 1341 

( 2 «- 

A basic part of the G&llary ? 3 educational program boa been the 
gull try tours of the eolicotiiifi, conducted twice daily, except on 
Battmluy and Sunday, which have Attracted 19JK1S visitors. In ad* 
dition to these tours there Lias been n series of special lectures; a 
special program of 34 tec Lures, beginning in October and contin¬ 
uing through April, presented a special lecture each Saturday after¬ 
noon in the lecture hall, which 7,202 persons attended, and the in¬ 
timate “guilery talks'* and other lectures presented in the auditorium, 
dealing with a specific school or works of art, attracted m combined 
total of 17,732. 

The educational department feeling the need for a short noontime 
feature, in view of the increased number of visitors from nearby 
Government buildings fluring this time, inaugurated on January 2, 
1842, the “Picture of the Week,’ 1 a 15-minute talk given twice each 
day and once on Sunday, which in turn attracted 7,847 people, in¬ 
dicating that this educational feature of the program was one of 
tlie most popular. 

In addition, member* of the educational department staff hare 
conducted private and group conferences, totaling 8,065 individuals, 
of which TOO were members of the armed forces for whom special 
tours were arranged on Saturday afternoon, beginning in December 
1941. 

uhbaitt 

A total of 242 honks and 1,087 pamphlets and periodicals were 
presented to the Gallery; 90S bonks and catalogs wore acquired 
tkmugh exchange; 87 books and catalogs were purchased; and 20 
books were received on indefinite loan. 

rmnr»njArait; i>ei*artjje,*<t 

Prints totaling 6,00-1, 1.187 black and white elides, and 709 color 
slides have been made by the photographic laboratory. The prints 
have been placed on file in the library where they are for sale and 
for die use of dm Gallery staff. The slides, together with an addi¬ 
tional 420 which were purchased during the year, liare been made 
available for the staff in connection with the public lectures given at 
the Gallery, and hare likewise been lent to lecturers outside the 
National Gallery and to other galleries. 

THE OAIiEllY Btmnixo 

During the fiscal year, certain alterations and improvements have 
been made in the building upon the recommendation of the com¬ 
mittee on tlie building, mining which may he mentioned the construe- 
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tion of snow st ftp? for Uio Moll entrance, the redecoration of gilLerj 
rwi»B for tile inhibition of tliu Cheater Dak- collection, and addi¬ 
tional uir conditioning in flit* funuking room uml she information 
room*, on the main and ground ficKKE. National Gallery Cafeteria 
has become so popular that it is somewhat ocmgeeted during certain 
hours of tJio iluy. It became evident that some arouutirul trentnuMii 
of the ceiling should bo undertaken* mid Lids work, refill ting in 
great improvement in the noise condiLion in I lie cafeteria* was com- 
pktod with funds supplied by Tht* A. W, Mellon EduCAttonml Hilfl 
Cbnntnblh- Trusts It was aht iwnnimend'-d that a n^clTib| dour 
la- instill led io teplnee om- of the heavy bronze door's at the Cmistitu- 
twin Avenue entrance Although funds wore made available it was 
not posniblf to proceed with this improvement because the matenals 
required wnm restricted by priority mlinga. 

omrB inrrs 

During the year there were gifts iq die Gallery of furnishing*, 
equipment, ornamental frees and plants, printed fiJnif, and eolor 
slides; cils^o terrain expenses were [Olid by others on ladmlf of the 
Gallery, the donors facing David K. E. Bmce T Frederick T. Bon¬ 
ham, William B. Cue, David E, Finley, Samuel IT. Kress, Donald 
D. Shepard, Perry S. Straus, Mr. and Mrs* J. L. IfrGrew* Mm. 
Matthew John Whitts M, Coordinator uf Inter-American Affair*, 
Propagating Qinbi^ of the Deportment of the Interior, American 
Bed Cra^H, and The A- W. Mellon Educational Slid Charitable 
Trust. Gifts of moneys were made to I lie Gsllary during Lhe year 
hy Pirn] Mellon, Chester Dale, Howard J, Heinz, jV., and The A, W, 
Melion Educational and Charitable Trust. 

audit or ituvatk rujcua or the uaij jjiy 

An audit tins been made of the private funds of the Gallery for 
the yenr ended June 30, 1&42, by Price, Waterhouse A Co,, a trnlion- 
ftlty known firm of public account ants, and the certificate of Unit 
company m ite ^lamination of the accounting rccurdii mui turned 
for such funds has tieen submitted to ifao Gall ary. 

Brapectfa I ly submitted* 

Da™ It E. Bhttce, President 

Dr. C. G. Abbot, 

Secretary^ Smithsonian Institution* 


APPENDIX 3 


REPORT OF THE NATIONAL, COLLECTION 
OF FINE ARTS 

Sm: I ha vc tins fionor In udmiit the following rejmrt on the m- 
LivjUes of tin- National CiiilectlMi of Fine Arcs for die fiscal year 
ended Juno 30, : 

After Pearl Harbor plans ware made for the protect ion of the 
works of ni t in the National Collection uf Fine Arts. Tim canter 
portion of the wait bfliiml live lar^o painting “Diana of the Tides/’ 
by John Elliott, was strengthened sufficiently to resist bomb frag¬ 
ment *_ Protection against damage from incendiary bombs has been 
provided, trot means li*ve not yet been devised to prevent such 
I tombs from reaching the ground floors when die exhihits aro shown. 
Plans for jlarking and shipping paintings for evacuation have been 
made, and the miniatures and part of the Gel lady collection are to 
be moved to the ground-lluor lobby, where they would be protected 
against incendiary bombs. 

Severul picfftrtd gifts of paintings, furniture, miniatures, and 
vases have been deposited here to lie piissed upon by I he Smithsonian 
Ad Commission in December 1142. 

Eight special exhibit ions were held in the foyer, including three 
under the sponsorship of the Pan American Union and the Ministers 
of the various countries, involving the installation of 428 sped metis. 
Nino special Graphic Arts exhibits were shown in the lobby. 

From July IP to 27. IPII, the Acting Director visited galleries and 
private collect inns between Washington and Boston for the purpose 
of studying various collections of American miniatures. 

An illustrated lecture on the National Collection of Fine Arts was 
given by the Acting Director before tint Chevy Chase Women’s Club 
on November 11, 1941. 

A pointing. “The First Beading of the Emancipation Procla¬ 
mation," by Francis B, Carpenter, 9 feet x 14 feet 6 inches, was 
cleaned and restored »t the United States Capitol. 

anmunin 

For the administration of the National Collection of Fine Arts 
by the Smithsonian Institution, including compensation of necessary 
employees, purchase of books of reference and periodicals, traveling 
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expenses, ani forms: fur gunnies ami necwsary inciilratnL expense 
■$£D,K$0,1 * wur appropriaUHj T uf wliidi uwr J1R.OOO \m expended 
for the care and maintenance of the Freer Gallery of Art, n unit 
of the Nilioiifl] Colfecfinij of L ine Arts, Tin liehmce was spent for 
tlie rare and upkeep of the National CSo I lection of Fine Arts* nearly 
?dl of this srim being required for the payment of salarieii, traveling 
expenses, purchase of hooks and period:cals, and necessary disburse- 
inentd for tho oars of the collection. 


TUC sturmsciNiAJi abt commission 


Hip twenty-first uinnifll meeting of the Smith^'Uian Art Com 
mission wna hdd on Ik timber 2, 1«L Tire members met at 10: m a, m, 
in the Natural History Building, where, its the idvbory committed 
on tho nrceptanoe of works of art which had been submitted during 
liie year, (hey accepted the following; 


Oil paint I nj, "Pmtntlt »f My Wifi." by Emil* Il^ruc, N A Gift of An Shiite 
Bella f7^ira Ryjiimis Bcttah 

ON patmlng, -Stahl* Interior, Enrees and Groom " by John F Hcrrim: ( 1306 - 
1«W>. Gift of John R Lori#’, 

OIE pntmlng, "Portrait: of Utnit. Gem Ucaiy Clark Corbtn tlMI-ltt®) * by 
Ad<jlsTti MoUer-Urj < LSfTS- } a Gift. f Mrrt Hirrrcj < luft (Virtiln, 
on ItqlallxiK, ,4 Ttm oiher Shutfe* by Robert Speunw. N, A. {PfflMBSJ}, n* 
wljmed f^i ffie Neirork Mo Beam A^ocfiUoip, Newark* ES\ I.,, oa fvhniary g IdtiS, 
by ihe CaEindl of the Nmclcnq] Acuilemy of EmIto, which wa* withdrawn and 
cJisIniqd in Hminlktwtf with the jirwrbi'-o tit Umi ttansir ttaqu»wt. 

Tlirer ftitnJn infra, water color cti LftKj* "Portrait of A. R, %Lf* by lees Finn 
ods in ]ft VeUe [fl_ 1183-xBJEt): “Portrait uf Sira, Elves* attribute ( L . Hunts 
mt>l H Portrait uf Irsi AElpu tlTSl 4^141,“ cupy r-f a non I.a tuna |n the i.'iilrcrsltj 
of Vctmiuri* by an unknown artist, Urn uf Mr* Nurrln II. Green. 

Miliuituna. Wii. j cvLor cm ivory, "PwimH uf Mr*. Rrrthii K j^jues (itfivt- 
by Nelly McKeiisita ToErrusm Bequest of Mr*, tk-rttm K. Jaques* 

Minium r?. water color on [taper, ^Portrait < Ruben* penlo 11TS4-1M41 /■ 
BjaphAfl Peala acfrnmed. Gin of Hr. Edwin Kirk 


Thlny-elx print* by 38 miontan of the Hi tea#* ftodrt? of Jfockfir* to be 
fltfift to the Clilearo Society of Etrlmre coliecUaa. dfft of Uw; Oklragi^ Sodety 
of EtcLtra 

Dryjkolnr, W P« «- All Hie World," ty ft. H PALeBate tlBW- j fc to be added 
to the i.lUCflso uf Etthi-ra ^slketloa, Gm of |fto nrttet. 

OJi^ Japqm^e Sliippo naae anti Gift of Dr ami II. Fr^cf Bata. 

Thu merubefs rben pmceeded to the regents" room in Iho Smith- 
Hjniim Building for the further ptwwdlng^ thy meeting being called 
to order by the chainmm, Mr. Borie, 


The members pn'sent wei-e: Chiirl™ L llorie, Jr., ebjiirmau; Frtmk 
J(-whl Mjilier, Ji- r , vict (‘liHinnan; Dr. Cliarlt.. G, Abbot {ei officio) 
n.nJ HeH*n Clifford I Beal, David E. FIdI ey.Jamw 

L I mser John E. Lo^I-e. P:l.l! Manahip, Edward W. Bedfi«icL and 
Mu iimn 1L Ymmg. Rue] F Tulmiin, curator of |hu dirtskm of 


EEPOBT 0* THE SECEBTABT 
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graphic arts in tin? United Stated National Museum and acting direc¬ 
tor i>( the National Collection of Fine Arts, was also present. 

TUreo p e r son a were nominated to succeed the late CoL George B. 
McClellan, and the secretary was directed to correspond with them in 
lint order they were nominated to ascertain their willingness to serve 
ps w member of the Cotnniission. 

The Commission recaumu’mlcd to the Board of Regents the re- 
election of Mihnuri M. Young, Charles L. Boric, Jr., Frederick P. 
Keppd, and the nominee fleeted to fill Colonel McClellan k place. 

The follow tug officer? were reelected for the ensuing year: ('bar lea 
L- Boric, Jr., chairman; Frank Jewett Mather, Jr., vice ilml minn , 
and Dr. Charles G- Abbot, secretary. 

The following were reelected members of the executive committee 
for the ensuing year: Herbert Adams, Gilmore D. Chirk, John E. 
Lodge, Charles L, Bone, Jr. (ex officio), ami Dr* Charles G. Abbot 
(ex officio). 

Tim chairman brought to the attention of the Commit ion tho 
matter of rim proposed prohibition of the use of sculptural bronze 
for mating# and, after discussion, resolutions were approved to be 
sent to (ha Office of Production Management. 

THU CATILLliLKE WAIJJEH MTEg V0KD 

Thnce miniatures, water color on ivory, were acquired from the 
fund established through the bequest of the Into Catherine Walden 
Mjer, li* follnws; 

23, "B&tfnH n t G. D„" bjr tm ttiifegvrjwu mint; ft™ Sbei-nuiu UeJICcy, fTnr 
Uavcn, Qinii- 

^ of n Mdn," tty mi unknown artist; from Sbmmm ^ew 

lln LTem Corel 

J7. u lLf, tfkfaaL,’* tij John Walty JorrLi tl7BO-l&0) r slgrad - ,farrJjj jSOy 
N Yufk*; frufti Sir* Dot* W CorEi*. NitW ITotii CUr- 

UXvKS ACCl^mi 

Two miniatures, water color on ivory, ^Roswell Shuttle# (1773- 
1SC1)” and “Anna Pope Shuttle# (1S12-18S1)," daughter of Boswdl 
Shuttle#, by unknown artists, were lent by Mrs. O- A. Mechlin, 
through Miss Leila Mechlin, 

One miniature, water color on ivory, “Captain Frederick Augustus 
Smith* IL S. A. (1813-1)," by Caroline Dorcas {Smith) Murdoch, 
was lent by Mis; Leila Mechlin. 

One miniature, water color on ivory, “Portrait of a Boy,” by 
Joseph Wood (ub. 1780-1830), was lent by Miss Sarah Lee. 

An oil painting, “The Bight Honorable Winston Churchill” by 
Hal Denton, presented to lire President of tho United States by the 
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Mayor and the Council of Vancouver, British Columbia, Canada, 
wue lent by the President of (lie United States, Franklin IX Roosevelt. 

WtaiM Tf» umty lfUFETfM$ AND WO*2f]ZAXXO(M8 

An oil painting, “The Visit of die MLsIre's," by Winslow Homer, 
wi^ lent to the Howard University Gallery of Art to be included in 
mi exhibition of “Pointing* Showing Negroes in A meric**' bran 
March 2 through April Vi. m (Returned April 17, ltt&) 

WminAWAU ist uWKKni 

An oil painting, “Portrait of Mr, Justice Brandeis/’ by Joseph 
Tapper, was withdrawn on the order of Paul A. Freund nmi rc- 
nirafd to Joseph Tbpper, the owner, on November SI, iPll, 

An oil painting, “Portrait of Lady Evelyn Cook," by John Hupp- 
Her, IL A., was withdrawn by Thu man Divis Lm t administrutor of 
■he estate of Mrs, Arthur Lee, on Feb maty 13, imo. 

Three oil paintings, ‘'Portrait of a Boy,’- by John Huppner. It. A.: 
“Portrait of ti Girl," by John Opio, R_ A.; and “Study of Ruins,” by 
Richard Wilson, R. A, were withdrawn from the collection lent 
by the estate of Henry Cleveland Perkins by the owner, Mi.<> Ituth 
Perkins, on March 12, HH2. 

Two miniatures, water color on ivory, “Virginia Caster ton” and 
Mine. Ttiinuldii Miui r a, by Edit Nemocde Caste rt <m < wtti> withdrawn 
by the owner, Jim. Castellan, on ilny Sc, 1D4« 


LOAN'S ItETDllNEP 

Tlirro piettB of sculpture by Edward Kamovs, “Fighting Pmitliur 
and Brer" (bmm-a), “Brans* WolP (No, 8), and “Bronze WolP 
(A«, 4), leu. with the consent of their owner, William Krutoy*; 
-Grizzly Hear” (pluster No. 28), the property of the Smithsonian 
Iir-trniinm, and a blue Sevres vase (Pell Collection No. 371), with 
a wooden base, lent to the Procurement Jijvision of the United 
States Treasury on May 2, IfSS, to be pi.ml in the Reception 
Room, Union Station, were returned Bcreinber fft, 194 j. 


TWZ NATIONAL H)LtACTION CfF FISK ARTS Ifla rnr.v i'y IJltKAUY 

Because of tin- transfer of Ihe librarian, Mrs: Lucile T. Barrett, to 
Mobile, Ab„ ut February 1942 there in no report of details available 
as a new librarian bus not been appointed. 
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gpKciAi. EinotmojiB 


The following exhibitions wi held; 

Atu/v*t i thnmgh September 19*1 .—Exhibition of 00 miniatures 
Iflnt by Count fi.iic) Countess Bohdan da OistellaiHs, of Wdsliiiipton, 
D. C. 


Dn cnJit T thrmtgh a:. /fi»Jj.—Exhibition of 23 oiLs .,n«l SO water 
colors by Roy M. Mason, X. A., of Woodchuck Hollow, Buturiu, N. V 
Jnnuiirtf 7 through 31, Exhibition of SC oiJa and 3S j.riiiE>i 

and drawings, by Antonio Rodrigue* Luna, of Mexico, 5{Kintmmi liv 
tin’ Mexican Ambassador and the Pan American LTuion. 

Janutiiy J5 through March /, }b -^—Exhibition of M pleom of jade 
lent hy Georges Esiw[>[wy, of Newark. X. J. 

February ,s‘ through Z? f Exhibition, of 20 paintings im met al 

ami i prints by Knell Mullen of Lake Forest, HI, 

April6 through fi>, /^.^-Eshibtlioii of SO oils, 3C water colors and 
5 prints, by meinU‘r - of ibe Lantlscnjw Club of Washington. I). C. 

Sing 12 through 2S } Exhibition of 15 piaster busts by Muriiin 

Nmle* del i’ratio “f Bolivia, spumvnvd by the Rofiri.in Minister and 
the Pan American L'niom 

Jun? J through 2S t —Exhibition of IT oil paintings and 37 

pencil thawings, lithographs, and water colors, by Ignacio Aguirre, 
ff Mexico, sponsored by tbe Mexican Ambassador and th« Pan Amer¬ 
ican Union, 


rnnucATtim 


Tivt uas. It. tti-i- rt wn the Xntl'imu relfcvtfon of i lav Art* fur the year rmled 
Jim.- ;m, UMi. Autu mn* 3, luimn nl the SwraUiry of ihe tfibiihfrmian 
lujtltm lull fur tlm ytar vinJert June WJ. IU43, pfi 45^50, 

J, E, H-iniri mi tlm r ttidtory uf Ari fur the jfi-ur nudnl Jam- nu. 
HHt. AppoiltliX 4, Itepoil uf the SGrretBiy nl tint SlnJlhittTiinu tn.nlllllliuii 
frr the fT'iir titidrri Jnno 50, pp, 51-SI 

Bespwtfully submit t>'di 

B. I 1 - TitLiiAs, Acting Director* 

Dr. C, G. Abbot, 

AVt tvtary^ Smith’ionia ti f titotihution. 



APPENDIX 4 

REPOST ON THE FREER GA LLERY OF ART 

Sir: I have the honor to submit the twenty-second Bimini re f mrt 
on the Freer Gallery of Art for the year ended June 30 , 1042 . 

Tas COtJJXTiriKS 

Additions to the collections by porches* are a» follows: 


41.10 


4JJ 


42.1. 


4£A ivrdjin. daird 111*7 (A. D. 1715). M*tfc t>j -jUMtAttiwuli. Ajqn>- 
,jIk ‘ ■' ttt»inrmrnt fitted with n rltis urn) hrihilLft (Or 

■u«>-iwt».u. a «!e ur 'eefeahU; *(,«!« wMjiattJtP' mht.-:s. im gjidnde 
‘'fiw![hr'ert with night*. I, til 11 , and a bull. Iweriiitltmm tacliiiiliiff n™*. 
turc. In irn^Mi *erjpt Dj nine ter: 0120. 

SftIiuj iDuMkhI). ndd-thirteenth crntnrr, 3tT^| sellout. A am- 
tnui with ti jilt 111 one side suit ■ «fntfa»T tn the unde. Tin* wilur 
PHimeta or? t^rnlwl ultb Uesimi ot Imth ChrUiian in ii tsInaiJ* 
2. B ri l» silver inlny. unit toclmte Inscription* wrltion in 

Kail-* mid In MUgf serJfhtfL Bet*fat: 0447; diameter; OJ05; tl.-nih: 

enoMar 

***** m S ' n ”• C * hu* WH. with two 
^iifmicd Tilnl fhran ou Ihi- tap. Decora r tan in *u*ht ralM, details 
Iiu tsetl, t.mr srwii pfillnatloii. OffiB 1 tM?d mr a |j. 

h ** ft * M * w « rtb ronlury * C A *<* 

<,f hr ‘ ^ ,im ' w,f *' " w« tn the form or * bnuum 

JJL J* P * Uu * tlcn: SfW (freon with B1 *rw mala. 

l ' lRBldt - Cfay - rqprtin 

e«rtta. and ealrareo.;*dspoeLL 0.182 s <Utto * wa n. <it)ortretal^ 

lAor. 

i , hln«'\ early Chou djnrtrJy « r earlier. A fluted imptonmi for 

tenr^ a iiepbrliv wtih pain fan mottling:. The lumdl* ^ B rw ln 

Jlhoaetir and ®»t«*nut timer mief rrp^-m „ 

hmmn figure wen in protlle. U-iMtih; 0,105 f **r a!U ,rc ° 

WAMUteln-r 

4H3-I2.4. Arable, thirteenth «E| UrT> Two Iran* f** a 0 »f«t n.™., 
„ “ "*** KTm ' * l * I" tosh OT il ln , rl ,a mjj 




mi Ap^L,. t 



COVER 42,1 



PLAtf I 


42.1 

A Recent addimu-n To the Collection of the Freeh G*lj_e»y of aftt. 



$**'**•*+* flVHt, mi Smma.\n * 


Platt * 



A\J2 



42*2 


fiBCEMT ADOjnorts to the Collection up tm* 


Galltfiv 


™ art , 
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lii Willi r-l-J ; vuurt’Ja and orthographl.*! signs tn hiss and <oo 
ctjiidsiii) reil Illuminated mUHtuju tnd marginal ormuiKmi 
fopcT lenrea: 0.425 x 0,215. 


niznini 


-42.10 


42.7. 


42.11- 

42.12 


422 . 


Arabic (Sforttieni ^ ff« mijj). A. T>. 1312 Atulda An illustration 
from B copy of a! Jn earl's imm*** on until [tiara, ft t/ta‘aHfnt 

«{-*<{'a! af-Uediwlgur tht- face of lb* wilier clock called “Tbe deck 
of tho Drummur." I’ttait<d la fait color and gold; text In black 
wMASr script. Paper leaf: QJWJS s 02HL (Ollu <>t n mt: 30.71-77 
moi) 


«llltic-. wins dy&atly. By M Yfloti-iq {lof^lfrH). Six Itr.wer sprays. 
Ink on jwpor. Horssa iiworlptli/jix, in Signet nr*. Maklmuno : 

02»X&m 


Pfriilqn, tfclrtceQtfc-fODrteenfh eeatttiy. Two lew* from a i?AJAndmuf. 
Wiib IMiutratUn* painted in color anil slight gold as follows: 

42.11. Itoalaut conf ranting tbo Ttexmlno, Pllsam; horsemen on a 
ted ground. o.t<c> * ti.24«. 


4212 ICnt KUusraw cross lug iho ng r*r of JtiriiL 0 . 133 i 
Text In a del lea to script, Paper leans I trbnmtHU ; o:<70 x 

0203; tUTPxthltul. 

Pt^ralnn. Monied iliKXlnj period, fourteenth century, Tnhrfs school. 
An Uluntration from ftAlOn.iwbA- Shfih KtiMfclnrln bt^tmm | ntK oM 
npoe hi* minister BCzurjiiilbr. Painted in fall color and gold. Text 
tn black noi*AI script, tubs Id gold on blue and rad ground*. Paper 
h’af: U.412 x Hit©; painting: 0.163 x 0.11*6, (One of a set: 23.3. 30 76 
3221. 2124. 333. 1221 tlUomrrUod) 


41.12 Arable (Egypt) rpntb-elcTenrb ccntnry (l|. fhtfmId period a large, 
wli 1 ^ rimmed litb; bold font-ring (broken, repaired and. Id places, 
raster- 0 ). Body of raft, whit* day. cun-red with an opaque cnaim- 
white glam Decoration pulmixi tn lunlcr with Iridescent raflce. 
tlou. 1 . Endc Inscriptions; potter’s mark underneath, QPu (diameter) 
mitatrsted.) 

422 MescjaitaitiUa MU twolfiiMltlTtecnth ivutury. \ shsllaw bowl with 
broml everted rim; bold font-rlng (on* perforation). Soft, gundy, 
white clay centred with a tnmaparani, gruMiinh-wltlte glaze: arena *f 
pearly tridertxaec due to decay. Decora lieu painted over f* r»- tn 
xoldahhniwn lute: four spate of ttirqunise blue. Twd fcasMI in. 
Stelptlona. one partly lost under Itldractnur. 0,075 x o. 2 "s< (diameter). 

41.11. Peraian. dated do: {A. D. 1210). KBsMa. Signed by Payyid Shams-ml- 
din nl-Hasaiil. A plate with ornllupt-il, upright oldra and a narrow, 
grouped Mm (broken, rojinlrod anti, m pj«.'<-». mured), Body cf w*f| 
white elny eon-red wfth an opaque, eraum-whlti- (lnw, Decoration 
piliired in golden brown luster with ruby reflection* Marginal In¬ 
scription. lnrJnditig tbe signature- sail date. (MIST x 0452 (diameter). 

42,0. Ayro-Egyptian, thirteenth mratury (Tj, a ikvp bowl (broken and re¬ 

paired I- Body of «afi nwy-bnlf day covered with a white »iip under a 
transparent glnro af grtenlab ctist (crazed I. Decoration pointed m 
brown -m the slip nnrler glnm, O.tlSt) x tUM. 
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The work of the curatorial stuff \ms been tkvoted bo tli« study and 
mording of the new acquisitions listed above, and to otlier Arabic, 
Chin®*. Japanese, Persian, Syrian, and Syi^-Egyptt*" art objects 
either alrady in die collection nr submitted for purchase. Other 
Ambicr, Chines, h»»t Inijjan. Japitnoe, Pcrs-inu. Eurojietm, mid Aiiiit- 
icon nbjects were eent or brought to the Director by their owners for 
information as to identity, provenance, quality, date, or inscriptions. 
In nil, 7To dlgcrts and 2X5 photographs of objects wait, so auirmiikH], 
•ud written or oral re|x»rts upon them wore mat la. Written fnmsiu- 
tjona nHl inscriptions in oriental language* wore maiki upnn rvquesL 
iri uudil.iiiii tu this regular curatorial work, touch time during the 
winter and spring Im* l-vii spout i-y inrinfirrs of the stall upon work 
connect#] rcith the war. 

Two ImiulreJ and thirty-six changes ware made in o*MbUiun ** 
follows: 

AtaJ^hruil ]uJctlr.£_. __ __ _ _ 

AmHTlau juUbrjr, * ,___ __ 

CTilites^ toraatfc^_ . _ __ ____ 

^‘Wniflip RHild jiti«J Irfi-in__ 

aiJm-^ itfltftsr-_____ - ___ 

Chktaf ftiUi'TgllL___________ 

OfcilMfr pH terw __ ___ 

Jriijms] pm 11 ting _ 

h\pntn.-t* pnttfcl?_ . 

fljrlutt Ut im nud *Hwr ______ 

Ik?]jJUr* to Oh- cu[]#:l.kcj|i ware rs fciNmv^; 

Atrwrtmn paintiiigSL.__ „_ 

ClllM 1WQ|1M_ _ __ 

illitasw? jmuh'I gidljifliig 

< IlIih’SO Juilii^ _ _ ___ ___ l 

Jiapart^N- tem k iui. - __ ___ 

A scale m*m ilf u Jupuuv** l^rint trinkerV workshtm wics madm 
for thu l)jvift(.izi of rimphir Arts; Smith^nnmn Instil iiliou. 
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ATCEJ iVAXCK 

liw finlliTv lias Ihm’H open to the public every dm- from U until 4 *ftf} 
n’cltH*. with the rtJcoption of Monday*. Qiilriiusa Day anil NVw 
Years Day. 

The total attendance of victor* coming in at the main outran was 
Si # S < Seventy-nght other visitor* on Mumfam bring tho ^nuiJ 
total to 87,890. The totid at ten dance on weehilavs, escluaiva „/ Mm . 

SssiSSi s? 4 * 3 * t ; n .iwSrsSSs 

was pi‘i>oii,s, die avcngi- Sunday attendance 689. Tins iiichest 

monthly w in August with 13,066 vLdtoi*j (he lomT* Tn 

.Tununry with 4,417 visitor*. 
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There wen- l^SSSS visitors to the main 
purposes of their visits were os follows; 

r>ffkw during the jesir 

The 

Fmt pfinT.Li tctfnratrtfUm 


314 



To sec oisjecru in vtcrajr , . 


m 



far Knnt+'E'h jmlialkig*— M , 


n 

t 

Smv Eastern |u hiring ti&d utnmwrf(iL*_ 


EJiflt 1ml Ian ifirir. .j ,■ .■ i. r intiuri*) rEpi ■ _ 


n 

41 

*> 

AroerErat* pn ill ting* . „ t .. _ 


Wftldflur piifitn 


Often ml t**uny> Jude, Immin. Nsiilpfurr, 

Itistl iif ntijnb_ _____ 

Iflt’iini'r and lift m turn_ 

so 

9 

ft'tfAhiHjprpjl 


i m 

j 

Tff n^fiit III tb* llfcirair 


Trj make inttiipn-s =i tki| *ki?rWiM from hhmri Wk* 

To KOO lira litilldlliK ulLil LjilIJ tltiiJinn_ 


n 

To flfrttiln fwniiUiiioti to iitinto^nat^ nr ffkuLch 


m 

141 

to 

To y it limit alitorE* tor nmYiln^iilint 


To *Pe fn^riiik^lil of thfl shift™ 


To fw-f hjo RnJliirlRi on Manila? 


To •‘ah n n no or uurchnn ^holographic. 



UtCTUWSa AN|P TPOLNI’ SERVICR 

One lecture by fi staff member wus given to a woman s dub orgnniv.a* 
tion (30 menu burs); 5 groups (total *1 parens) wen* given instruct £tm 
in tho £tmly room; I group (00 persons} was given docent eervic-c in 
storage rooms, arid 0 groups (total 100 persons} were given docent serv¬ 
ice in the exhibition galleries The total number of persons receiving 
stiili services, by request, ttosBJU. 

A series of lectures upon air-raid precautions, addressed to Smith¬ 
sonian and Freer Gallery employees, was given in the auditorium by 
Keuncih M. Perry of the United States National Museum, June 9, 11, 
and 13.1042; total attendance, 07. 

FWSBONJfEt, 

firae« T. Whitney worked intermittently at the Gallery from No¬ 
vember 3, 1041, to June 22, 1042, on the translation of Persian texts. 

On March 7,1942, Margaret B, Arnold resigned as assistant after 2 
years of service. 

Miss Jf, Eleanor Morsel! was appointed to succeed Miss Arnold on 
May l, l»4S>. 

On June 16. after a month's serious illness, occurred the death of 
Carl Whiting Bishop. associate in archeology. Mr, Bishop became 
a mcmlmr of the Gallery litaff April lfl, 1922, in work in his chosen 
held of Far Eastern archeology. Ft™ 1923 to 1927. ant! again from 
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1SS9 to 19&4, Mr, BJehoji was in charge of the Fn.tr Gallery Held 
work in China, making leanmateainee studied at neolithic snilg P - 
in Shansi Province as we!] as general gmteya of buna] sites nt the 
histone period. He published numerous articles upon these subjects 
iti various journals, being widely known as an authority on the earlier 
phases of Chinese culture. His death, at U, is a matter ol deep regret 
to his colleagues. 

Other changes in personnel are as follows: 

Appointments; Gieu P. Shephard, guard, July 30. 1041; Edith B. 
Bauer, attendant (intermittent), October 10, tOti; Thomas J. Re?. 
Rohts, guard. January 14, 10-12; V, Lee Turner, attendant (intermit- 
tent), hobraary 1,1542; Florence E. James, attendant (intermittent), 
ilay 3,1012; Alice E. Hall, charwoman, May 7,1042; Frank M. Mur- 
phy, guard, Jun* G, 1942; Milton V. Harper, attendant (intermittent), 


Separations from the service: Maty C, Burke, attendant (intermit- 
tent), resigned October 1,1WI: Joseph F. Gcrmuiltcr, guard, retired 
from active duty December s, 1041; George W. Grigsby, attendant 
(intermittent), remgned January 26, 1942; V. W Turner, attendant 
(intermittent), resigned February 27, 1042: James Rice, attendant 
(mtoranttenl) naignod March 15, 1912; OHb Smoot, charwoman. 
toatgiiL'd March li, 1942; Edith B. Bitter, attendant (catena jt tent), 

Oliver w Puckett, guard, resigned May £ 
lv42 f Thomas B^ynoldai gtrnrd, resimiefl Jue<i 30 
Respectfully submitted. 


Dr. C. G. Armor, 

Secretary. Smithsonian Ititttiution. 


J. E, I-coce, Direct of. 



APPENDIX 5 

REPORT ON THE BUREAU OF AMERICAN ETHNOLOGY 

Sib: I Imve the honor to subunit the following report on the Raid 
re*** rein •$* uJfiw work, and giber operations of the Bureau of American 
Ethnology during tho fiscal year ended Juno SI, ItHii. conducted in 
accordance with the act of Congress of April 6, lWl t which provides 
«• * * for continuing ethnological ntseorejirs among the American 
Indiana and the natives of Buwnii and the estivation and preservation 

of archeoiogic remains * * •" 

During the fiscal year, the energies of the Bureau have bean diverted 
to an increasing extent to activities concerned with the a or effort. In 
particular, members of the Bureau PtoH have cooperated with the 
Ethnoyvographic Board, and it is expected that diversion of eflort in 
this direction will increase as the war continues. Activities concerned 
with Latin America have likewise been emphasised. 

KTStmi-VriC vrggi ntTTTM 

M. W, Stirling, Chief of tha Bureau, left Washington for Mexico 
early in April Ifrlfi in continuation of the program of work for tlrn 
Smiil^mian Instil liiion-Natiuiml Geographic Society archeological 
project in southern Mexico, A visit of 2 weeks was made to the ste 
of U Vcnta in Tabasco, where Dr. Philip Drucker was conducting 
excunhiiib on the sontj; project. From La \ctila. Mr. Stirling went 
to Turn la Qutierree in Chiapas in order to attend the arclifiological 
conference held under the sponsorship of the Sociedad Mexicana de 
Antropologia. While id Chiapas opportunity was token to visit vil¬ 
lages of \iiis Znqup, TzutzU, and Cknmuia Indians, A trip was also 
made to the ancient Maya ruins of Pataupm, where a week was spent 
at the site. Mr. Stirling returned to Washington early in June. 

Hid remainder of the year was spent hi Washington admiiiieUiring 
the affiuirs of the liiirvuu and in the preparation of reports dealing 
with the work in Mexico. 

Dr. John It. Swunion, ethnologist, devoted tlw greater part of the 
fiscal year to digesting and carding the extant materials in tlie lan¬ 
guage Of the Timnotta Indians of Florida, a language wliich passed out 
of existence curly in tlit> eighteenth century. He also devoted istano 
time to the revision of a large general pnj*er on tha Indiana of North 
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-\ i,ip ru-n This manuscript 1ms not been submitted lor publication as, 
owing to il seize. there is littlelikelihood of its being printed in t tic near 
future A brief paper wa* prepared on Tlie Evolution of Nations, 
mid this was published in the series of War Background Studies of 
the Smithsonian Institution. 

Dr. Sivanton has nIso continued to T^no the rcpiYMUitativn of 
ihe Institution on the Cnired States Board of Geographical Nornes- 

Dr. John I*. Harrington, ethnologic, conducted Held work during 
lho year on two problems involving linguistic studies of Aluiit, the 
language of the islands between Asia uml America, and of Alhuparirsn, 
the language of the northern Hod:it-?. of .1 Jorge part ><f the Pacific 
coast, and «f the southern deserts. Ho Juft Washington in August 
1941 to visit the Aleutian Inlands, where lie was fortunate enough |o 
scouts the services of Ivan Yalchmtrnrtf, Ron of the Unalatiku chief* 
'Hu- Akula consist of three divisions, popularly known its 1‘imlns- 

kans, A than*, mid Attuati-. hut nil *»f the.re under the lliuda-kn 

chief. Working on St. Paul Island, famous an the breeding place of 
the fur ami fibewbort, lie made a complete study of tlu> sounds 
mill grammar of the language, with the result that ti proved to be n 
penetrant from lhe American side, n typically Amcricnn language of 
eastern origin, which hn» penetrated irestward never quite to erase the 
Aleutian Chain, The Utnluki dialect is related to and undoubtedly 
derived from I he language of the Alaska peninsula. The fact that the 
Chain was occupied by an American language is important because 
of its possible fuiidaiiietita! relationship to the AtiiuimiCim etOck of 
inland Alaska* 

A byproduct of the field studies vria- the obtaining of a probable 
etymology of the name “Aleut" which differs from those previously 
i. tie red by other investigators. Tile name is slit! pronounced with 
liiree syllables in Kuchin. a> Ale-ut, and is the sninc as the tribal 
name “Aglimyut,’' in modem usage applied to a Bristol Buy tribe. 
The tntine of the high lull on St. George Island uUo omits the interior 
m, jusl as it is omitted In tile word “Aleut, 71 Early Husriaii usage 
took over the name with inclusive application, which la tor became 
crystallized into application t© speakers of the Akut language nlone, 
aJthough the Kodiak Islanders arc M ill spoken of in Bihsinn and 
Aleut as the Kodiak Aleuts, even at the present day. 

Following the Aleutian work. Dr, Harrington proceeded to British 
Columbia, where ho undertook studies of the relationship of Navaho 
and Apaclic with the Athapascan stock of the northernmost Ihvkv 
Mountains. This relationship was first reported hv Ilorutic Hate 
and by William Turner, In British Columbia Dr. Harrington rveov* 
ered traditions that ibe Chilcotin language bad formerly occupied 
the Nicola Valiev, and w*a» able to obtain h large number of Chi k© tin 
word*- in that region, handed down in individual families. Following 
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Qua lead, hft was able to discover individual* who bail m their remote 
youth set ually spoken the extinct KwuUitoqiJ* and Tltfakanxi dialects 
of Washington and Oregon, and to recover vocabularies of the.^ with 
all their original phonetics, lie also recorded the ! tradition that the 
Upper Umpqua hmgtiage , >f what is uow the vicinity of Kosvburg, 
Ojeg-, bad conns from the JLwalWoqM. The Bnsebuig hmgoag* ia 
related to the languages of ilse Bugite River region of ^uihem Oregon 
and those of northern CtdifcvtU*. In confirmation of tlwso findings, 
L l . obtained the tradition that the Bine Lala* Indians bad come front 
the south bend of the Smith River, far to the north. Dr. Harrington 
h,nii traced tin? Chiicotin ur Ghilco Language ail the way from I.a be 
Chilcotin, which drains into the Fraser Hirer, to the head of Kid River 
in northern California. This wurl: lute < turnout rated that the Eel 
iiiver language is merely a CliiJcn dialect which litis drifted south, 
Tho exact provenience of these southern tongues is Dr. Harriiigion^ 
present goal* 

At tlic beginning of the fiscal year Dr. Frank 11. II. Roberts, Jr., 
ms etigagwd in archeological excavations at a site on the north rim 
of the Staked Plains, 10U milca south of the town of San Jcu. 
S. Mr j, These investigations were continued until September *'>- 
The work produced evidence for an intending sequenco of projectile 
points and other artifact types and new information on soma phases 
of the aboriginal occupation of that portion of the Southwest, The 
oldest archeologicsI material present was found to he in association 
witli bones from an extinct Bja-cios of bison and in the same sin turn 
aa nnunmoth remains- Indicfltinns are Unit., although fr^m a dif¬ 
ferent complex* this material probably dates from about die end of 
tho Folsom horizon some W,0t» to 10,00<> yuan ago. Between Hits 
level ami the next in the series there was a gap of mi, as yet, Un¬ 
determined although appreciable length of time. During this inter¬ 
val the large bison were replaced by a smaller species, tlw m<akro 
buffalo. From tin? start of the second stage down to protohistorie 
times there was no breuk in the occupation of the area investigated, 
and tho points and artifacts tram found to progress* from forms 
fiimiljir tn tbuse found in tin* Texas area to tUr enftt to those com¬ 
monly asbeiated with late silts in many parts nf the country, Tho 
specimens from thg second level twiong to the so-called Yuma cate¬ 
gory, and tin.* evidence from Sau Jon indicates that dii-nnologically 
they ara much Inter iban hitherto stip[HSsetL I he artifacts from die 
late horizon .show that several different Indian groins used that 
urea as hunt irig territory. li< tho light of pre-^nt knowledge, how¬ 
ever, ii is not possible to identify the specific groups from tbc arti¬ 
fact types. 
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In keeping with the Smithsonian Institution's policy uf coopera 
lion with ril'd aid u> other institutions, Dr. Roberts Link leave from 
July £8 to August 9 to give n varies of lectures on SfnitUwestern 
archeology nod to direct student excavations at ihe University of 
New Mexico Field Session in the Chaco Canyon, N\ Mux. During 
his absence, the work ut Sun Jon was continued mulct the supervision 
uf Eugene Worman, Jr, of the department uf mil h topology, 
Harvard University. From the Chaco Canyon, Dr. Roberta re 
turned to Sun Jun, im-I, upon completion of tin? work there, returned 
cn Washington. 

Thu fall and winter months were spent in regular office matin®; 
in the preparation of a manuscript entitled **Areheotogic*1 and 
Geoliigiral Investigations in the Sun Jon District, Easiurti New 
Mexico” for publication in the Smithsonian MisccIlanconB Col lec¬ 
tions; in library researches for informal km for and sponsoring 
programs on Carthage, Zebu Ion M. Pike, and Babylon for “The 
World Is Tonre” broadcasts; jj, organizing air-mid protection groups 
for the Smithsonian building and serving to building warden under 
the Public Buildings Administration Civilian Defense program: and 
in assisting in the preparation of material for evacuation to storage 

places ullLnldir of Washington. 

On June 27 Dr. Roberts It ft Washington for Newcastle, Wvo., to 
inapt' I n ate on the Cheyenne River where aiiuun] bn nos and arti- 
feet* were report’ d to he eroding from a gully bank and possible 
valuable in fori nation was in danger of being hit-t !h rough the notion 
of nutur.d agencies. This invest iu»lien was just starting at the dose 
of the fiscal year. 

Dr. dnUsn H. Steward, anthropologist, continued Ids activities as 
editor of the Handbook of South American Indians. Ou September 
2, 1M1, Ilr. A. Mrtranx was appointed to assist Dr. Steward in tin- 
preparation of the Handbook. 

At the end of the fiscal year, completed manuscript* totaling about 
600,000 words had hmi received from approximately fK> eentributers. 
Half of the emu ribut ions are from Latin Ajut ri^an scientist?, while 
the remainder are from North A nit ri can specialists on Mid. He and 
South American Indian tribes. The very important tribal map 
covering a large portion of South America was completed for tiro 
Handbook by Curt Xiiiuienrfnju and is now in Dr, Steward'* hand*. 
A collection of photographs of South American Indians was begun, 
and between 4,000 and 5,000 bibliographic items had been assembled. 

From Fubruavy to May 1942, I>r. Steward visited Brazil, Anrcn- 
tin™. Paraguay, mid Chile, where he conferred with Latin American 
anthropologist and arranged for their cooperation in matters per 
taming to the Handbook. He also discussed plans for (he formation 
of aft “inter-American antliropobgii ul and geographic society, w for 


REPORT or Tire bschetart 


53 


the development of cooperative anthropological end pi graphic re* 
search, And for the expansion of the exchange of pub heat ions. 
During this visit, Dr* Steward wss made «n honorary member of 
Academia Guarani of Paraguay and Soeiedad d* Antropologia do 

A Viard has also served during the year aa a member of the 
Policy Board -f the American Indian Institute, the Advisory Boot'd 
strategic Index, and Publications Subcommittee of the domt tom- 

mins* on Latin American Studies. 

During the nasi fiscal year. Dr. Henry B. CoUInfl, Jr-, ethnolugttt, 
continued with the study of atcheul ogival materials from prehistoric 
Eskimo village sites it round liering Strait. In April he prated 
H pnpur nt the annual ol the American Philosophical Sinncty, 

at Philadelphia, in which he discussed tho relationships between pre¬ 
historic Eskimo culture and recently described Neolithic remains from 
the Late Baikal region, southern Siberia, which have been regarded 
as the source of the basic American Indian culture- The pnper, 
which is U» lie published in somewhat expanded form in the Proceed- 
inst of the Society, points oat a number of .dose resemblance? between 
the oldest Eskimo cultures—which probably dab from around the 
beginning of the Christian era—and the Siberian Neolithic. Tin; 
older stages of culture elsewhere in America, such as Folsom and 
Sandin. exhibit no such resemblance*: il seems unlikely, therefore, 
that the Siberian Neolithic was the reservoir from which American 

culture in general was derived. , 

In the latter part of the fiscal year. Dr- Collins devoted considerable 
lime to work in connection with the war effort, including the prepara¬ 
tion "f illustrated reports on various strategic arras- Preparation 
was also begun on n general p*f>er on Alaska for the Smithaonian 


War Background Studies. 

Dr. William ft Fenton, associate autliropologist. devoted the 
summer months of BUI to the preparation of an introduction to his 
materials on Iroquois medical botany. Since a surprising numher of 
Indian herbs have been taken into our pharmacopoeia, it win decided 
to publish the section on Contacts between Iroquois Herbalism mid 
Colonial Medicine, ft unit of itself, us an article in the appendix: I-* 
the Annual Report of this Smithsonian Institution for 1941, reserving 
the balance of the study for a longer monograph. 

In November, Dr. Fenton went to Brantford, Ontario, t« work with 
Simeon Gibson of Sis Nations Reserve at translating Onondaga text* 
bearing an the Iroquois League which his father, C Siii'f.h'lin A. Gibson, 
had dictated to the late J. N- B. Hcwiit. Of these the principal manu 
script is a lS9*pige version in Onondaga of the ^Degonawi dah legend 
of the founding of the Iroquois confederacy. Some 13 years Inter. 
Chief Gibson dictated a longer version of the came legend to Dr. Alex- 
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ander Golden wciser, and this manuscript woe turned over to Dr, Fen* 
ton some years ago by ita collector. A trem-Jutton of the Hewitt 
manuscript wa.-: completed in (be field. .Led this lias tweii reworked La 
pan during the winter. Plans; were made to tramd&to tin* Gulden- 
inner nuKKi'cript during the ensuing war. 

Two i it her research projects coni jutted through the year. Sew mate¬ 
rials were discovered by Dr. Fentan'a collaborators in a study of Com- 
planter's Senecas on flic uj-jicr Allegheny Hirer, mentioned in the 
report of last year, and the search for journals of the Quaker missions 
after iTfiS liftn cnnltni jin t with some Micro*. In Hit- work Dr. Featnji 
acknowledges itie labors of Messrs, M. II. Dearclorff, of Wam-n, Pa., 
und C. £1. Omtgdon, of Salamanca, N, V., ir. luimiCrilimg manuscript 
winrees and collecting much new miilcri il in tho field. 

Tin? second project was conceivc-rl. several years ago to fulfill a grow¬ 
ing nm! among Americanists for itn English edition of J. I*’. Lillian's 
important but now rare Moeun? dea Suuvnges Aweriquaina pj vuls., 
Paris, 172-1), Dr. Elizabeth T,. Moore, of Parkersburg, W. Vjl, one¬ 
time member of the French department «l St. Lawrence University, 
hufl timh-rl a ken the tnuisliilhm, nod nt the mid of the year had Com- 
pick'd, under Dr. Feninii’e direction, the translation of those sections 
in volume I which include Lafilrui’s observations tif lbe American sav¬ 
ages at. his tnirainn among the Mohawks of Cnughnawaga and iha 

Abenaki of ucnrby St, Franc isi omitting for tin* most pail long ex¬ 
tracts from uotitompureiy and earlier works that Lufitau fell obliged 
to copy, to order to conserve the Bureau's copy <«f thin rare w‘mrk, a 
microfilm copy was made, which ia furluuuLe since the original library 
copy Ins been evacuated for the duration. 

Early in March Dr. l'enton commenced compiling, with die help 
of Dra. MGtraujf, Collins, and Steward, a cumulative 1 Est of anthropolo¬ 
gists arriving in Washington for war work and the agencies in which 
they were employed. 

Following appointment to the Smith soma n IVnr Committee on April 
I, a large proportion of Dr. Fenton's time and efforts have gone into 
the work of the Committee, of which he bus served as secretary At 
Ins suggestion the Committee drafted and distributed questiontinires 
soliciting basic data for “A roster of personnel, world travel, and spe- 
rial knowledge available to war agencies at. the Smithsonian Institu¬ 
tion,” end by early Juno the roster had l*x;n ushered through a pre- 
li mi nary and a first edition. The Smithsonian roster was patterned 
after personnel lists of the Oceania committee of the old “Ethnographic 
Board'’ of the Katiomil Research Council, and through these ctratacte 
tho Smitlieoumn participated in siting up the liihnongraphic 
Diiani At the end of the fiscal year Dr. Fenton wng detailed to act 
as an assistant to die director of tho Board, Dr, William Duncan 
Strong. 
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During tlw year, Dr. Fenton delivered several illustrated lectures 
prerenting some of the results of Ids studies of Iroquois culture. 

At th« end of the fecal year a manuscript entitled “Songs from tho 
IruquuiB Longhouae; Program S'»tes for «n Album of American In¬ 
dian Music from the Eeacm Wnidlmub" was runted for publica¬ 
tion by tho Institution tn accompany an album of phonograph records 
bv tho same title which llic Archive of American Folk Sung, Library 
iqf Congress, is bringing out as volume ii of Folk Music of the United 

Slut ltd- _ , ,, 

Dr, Philip Drue ter, iissirtant ntithropobgjst, devoted tho hrst half 
of the fiscal year to analysis of the pottery collection 5 made in 1941 by 
the Smithsonian Imnituliiwi-Satimml Geographic Sodsty expedition 
ntCerro do las Mesatf, Verncrua, Mexico, and tho preparation "f a re¬ 
port on this material, Ceramic Stratigraphy at Cerro do las Mesas, 
Veracruz, Thanks to the cooperation of tho Department of Archeol¬ 
ogy of the Mexican Government, he was able to study comparative col¬ 
lections yf materials stored in the Museo National de Mexico from 
adjacent re-ions, which greatly facilitated the placing of the Ccrro de 
las Mesas culture- It wo.- found that this rile van occupied from a 
i.imo level corresponding to tlint of Teutihuacon XII of the^Highland, 
cultures until shortly before the Spanish conquest- Tins Ninth Cycle 
dates discovered in I WO probably belong to the early pur mil of 00 
cu pat km at Cerro tie tea Mesas. Of added interest is the fact that, these 
dnies are not indy of importance to the archeology of tho Gulf Coast, 
but in addition am the first actual curved dates even indirectly refer¬ 
able to the important renter of rivilimtion of the Mexican Highland, 
TooLihuscan. Following tho period of Tuotihmciiu influence, * new 
sot of influences appeared, probably an actual immigration, of MLxte- 
can people who brought, with them their pottery craft, fio that during 
tile Upper Period at Carre do las Mesas great quantities of Mixtccun- 
tyiw (Choi 11 It wan) wares worn made. The modem designation of 
this coastal region us tho <m«tiilUa” incidentally, thus may bo seen 
to bo a wall-based olluuc identification. 

I 11 the latter part of January, Dr. Drucker ret out for the situ of La 
YutiUi, in northwest Tabasco, where discoveries in IWb indicated tin- 
importance of the place as an ancient ceremonial center. Excavations 
were carried out. timed primarily at recovering stratigraphic material 
for the analysis and placing of the rite in relation to the Trcs SJapotes 
and Cerro do las Mesas “pottery yardri ids’ established in former 
years, and for comparisons with material from more distent sites ns 
welL Toward the end of the reason some exploratory exes vaLions were 
undertaken in structures at the rite, especialiy tn the large cmroumuJ 
pntio. These efforts were rewarded, by the finding of on elalHinUe 
tomb of basalt columns, and a number of pieces of Small but exquisitely 
carved jade. Most of these jade pieces represent tho little-known art 
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style often designated “Olmec," and are umtiug ilii- first of aucfa object' 
to bate been Kuniifiiiillv excavated. Their at inly trill tie important in 
defining and placing this ajt in its proper cultural con text. 

At the conclusion of tta work, the materials were brought to Mexico 
City, where a division was made with Uie Department. of Archeology 
of tbs Mexican Government. The entire body of stratigraphic rrm- 
tcrials, and a part of the remaining objects, were then ahjpjied t« 
Washington for purposes of study. 

SPKCJA1. RESEARCHES 

At Uie liegi tilling of the fiscal year, Miss Frances Detismore, a 
collaborator of the Bureau, began the recording of Omaha songs at 
Mncy, Xebr., on the Omaha Reservation. Musical studies bud been 
made among the Omaha by Mis Alice 0. Fletcher prior to i$93, 
and Ml?h Densmorc wished, if possible, to contact singers who hud 
recorded for Miss Fletcher and also io obtain duplicate recordings 
for comparative purposes. Among the older Indiana, Mi?- IVu>- 
more located three singers Edward Cline, Benjamin Parker, mid 
Mattie Merrick White Purki-r, from whom songs had been obtained 
by Mis Fletcher. Him Dr manors recorded 32 songs from thh 
group, including several which had been sang for AtUs HI etcher. 
Joseph Hamilton and Henry .1, Springer, who had been too young 
to sing for Miss Fletcher, were familiar with the songs of old war 
societies and recorded 83 songs. A third group comprised younger 
men, George R. Phillips, Holier* Dulu, and John G, Miller, from 
whom 6 songs nmnocled with the first World War were obmined. 

Some of Mho Fletcher's published Omaha song* were played on a 
piano *nd were recognized by the Indians a? having been "recorded 
for her. Mb* Dcnsinore obtained new recordings of these which 
were transcribed and compared with the versions presented lit Miss 
Fletcher. It was noted that while die general effect of each melody 
is tiie same in both versions, differences are mi her marked. An udtH 
quote comparison of the Binging of the* songs in the two periods 
of time could be made only if the original recordings were svniUbfe 
for comparison with tiro records made In ML In contrast ta the 
differences in these serious song?, it was said that the amg <,f the 
hnnd game, presented by Mba Fletcher, is in ire at the present time. 
This was re-recorded for the present work, ami tta hvo versions 
differ only m the omission in the new recording of a few byUmes. 
From tills it uppers that songs in common use are preserved among 
the Omaha without change, while songs connected with ancient eni 
toms or ceremonies, which have not been sung for tnony years, on- 
beinjz forgotten nod will »actn disiipp€>*r, 

hfiss Dcnsmore also oblained from Benjamin Parker a description 
and a model of an old type of drum. In former times the cylinder 
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of this drum was a charred log. preferably of oak or olm. The 
lower head wn* of hide from the tower ptirt of «t bafftlcj* nock, and 
tins upper hoEi(i f which vtns struck* w^as made of deer hide or tho i o 
(rom e Idndquarter of »fi oik. Th ese heads wen laced together 
with btitfala thongs rind tightened with bits of woixl in tiic Lacing, 
n custom not obsm™! previously among (he Indians. 

During the year Miss Psnsnore arranged in final order 245 (tongs 
to accompany her manascript on Seminole music and revised por¬ 
tions of the test to conform to this arrangement of the material. 

In December j«Ht bliss DciiKinnre was appointed ns consultant nt 
The National Archives for work in connection with the Smith**- 
ninn-Dt'»smorc collection of sound recordings of American Indian 
music, and during the ensuing months sho was engaged in planning 
the organization of the collection. 

iJJTTT .H IAI. W<«K MD ItmLHiATlOKE 

The editorial work of ilia Bureau has continued during the year 
under the immediate direction of the editor. M. Helen Palmer. 
There were ismed one Annual Report and three Bulletins, as follows; 

Fifty-eighth Annual Report of the Bureau Of AKwrlean KIIihoIueJ. IfrtO-tML 
13 pp. 

Bulletin IS. An aretn^Wttiat mm? Of Wckirlck Benin In the adjacent 
port inn* at tli* RtnUw nf Alabama. Ulwtis.)ppl. and Tenne«w, by VVilliani S. 
Webb ami Pavia L, Mututuc. With uldlUom by Walter B. Jws, J. I*. B. 
Jlurrtata. Marshall T. Newman nail Charles 0. Snow. nod Will lam <t. Ilnoft 
630 pp,. 310 pto, 00 fast fl«a 

&«UHm Kid. ArchwHrf<mt invert fen Unas at Buna a Vfeta Lak*>, Krt* 
County, Callfurntn. by W«h|o H. W*dei. Willi ujpmdlx. Skeletal reamlm from 
tin* ftiK u# VlKtn slten. California, by T. D. Stewnn. 1W pp.. 5t pi a, 10 tot 

Bulletin 131. ftaehnee Hound sail tHIu** site, Cheroke* County. North Caro¬ 
lina. hy Ftnnk M fb-isW and Jeise D. Jountogn. With appeudlr. Skeletal remain* 
from the Peachtree Site, North Carnllna. by T. D. Stewart. 103 w»„ 00 pis, 
12 test dl£«- 

The following bulletins were in pres at the close of the fiscal year; 

BullrtIn 132. Source material oti the history and ethnology of the Cadiln 
Indiana, h; John It, Swan ton. 

Bulletin 133 Anthropological potters, numbers t9-B8: 

No. JO. A. ■card* for songs anions the ChUlttiflcha Indians tn Louisiana, 
by Fmn«* TNmftfiiftrfl. 

No- SO, Arebeotrtplcni vnrvrf U* noribim tffirthwmt Ckttftt* toy PtilMp 
DrackET. 

No, £L ftoEjft nut** on a ft*w zStm In Buftafort Ccmsij, South CmoUnm, toy 

XtagiBiL Ftmincrf . . ^ _ 

No. t3L An ABJiljSla ftmJ intifrpretatloti of Gift ctTHmlc rrafttuft ftom tw& 
sltLn neat ftttiufbrt, South Oirtllrol, bj Janata B. Griflici. 
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N*<». Hk The >ia«reni I'lierokeca, t>y Wt&km TinrScn Gilbert, Jr* 

Nfl. 2k Acattlir H«*m whaling In Asia anti Aims-tea; Aq AlMUiao tminfur 
to th»- Xew Warty, by ft^bt-rt V, Heitor 
A 1 ©. 2^ The Ciiffli-r Indian* ot (lie BtiiVtuy Hiier; Their nodal mi it re- 
tlglou* life, by Dlaimiiu] Juanes?. 

Sti. 2d Hie 1'tlpn and IVi-tirian clvllluilrrii, by John n. S wanton. 

Itatlrtln IS4* Xnttre tribes of eastern liulW* and wvdnrt) Slqtto Or omt, by 
AIM URnu. 

Uullutlu 12ft, origin myilx id Amntt and r-tJwr reecnla, by Matt bow IT. 
Stirling* 

tlaJIecli) 130 , ADihrofuloelnii tuijten, number* 27 -32 * 

No, 27. Music of thn Indian* of llrldali Oohnutila, by fnm rViuanore. 
Xn. 28, Choctaw music, by Frances i » nsOH>rfl, 

X«. a*. 3,ime rnilihotodcBl dqtu conirnun* one blind ml Furs tan pi unit, 
by 11 #it|j StFi’ernla 

N* TO. A tlecrtit»ili.a of 30 tuwm in Vocal mi. J93T-3U* wliU inimlrKi.rrT and 
coflifarmtory remark*, by Morrli SictpL-rda* 

Xo. Si, &um* wretorn jhuelwiil myilir, by jutlnn H. Sttramrl. 

Xu. 82 . Kew mutt-rlal from An. tun, by 1 tu rtle A. While 
Hulliriln 13’. Tim Indiana of ttm ^iBiltctiteri! United Urates, by Jobn Ji 

StfOtltlUL 

Publications distributed totaled 11,651, 

USSAlT 


Then; has been no change In tlie library s-fjijf during the fisoil year. 
Accessions during tho fiscal year U>Labd 3H1. Volume reemed by 
exchange have f-iltcu off sharply owing to the war. which h ns prac¬ 
tically stopped exchange except from Great Britain and her posses¬ 
ion* mid from South America, Several nun? exchange seta have been 
during tLc ymt* 

The reclasrificntimi of the library is practically completed- TV 
foreign society transactions and the foreign periodical* have bren 
reaihrirm! and a temporary riielflhr made. The publicationsof Indian 
schools and missions have been ebtsifled, roabairod, and a mmporarr 
shelf list made. All available Library of Cougi’e?s cards for periodi¬ 
cals in our collection have hcea obi Mined, and tliese cards have been 
sorted ami will be prepared as soon us lime permits. 

The rare-boob collection has been aWfiod, reaStrirod, and dirif- 
Hstid, and Library of Congre?» cards were obtained for nearly all this 
collection. About <30t* volumes of the rare-book collection were 
pncketl for shipment to war storage in April 

Sew books received dining the year hare been classified and shelf* 
Vted and nre now on The shelf* The tool work of recording ncw 
periodical* and society Uunction* and examining them for material 
uf interest and for Vok reviews has been kept np to date. 
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A beginning lias beau made on bringing analytical entries up to 
(late. The American Anthropologist, American Journal of Physic*! 
Anthropology, American Antiquity, and other important seta have 
been brought up to date with main eurtla only. Other seta and sub¬ 
ject ent ries remain to be dune. 

The librarian attended the meetings of the Intra-American Biblio¬ 
graphical and Library Society in February and assisted in tins 
formation of a Map tuid Geography group in the Washington chapter 
of the Special Libraries Association. Talks by tile librarian on the 
library and the rare-book collection were given before tins Map group 
of the Special Libraries Association on January H, IMS, and before 
iku Museum group on March 10,1912, 

nxvmtA.Tunra 

During the year Mr. E. G. Gaaaedy, illustrator, continued the 
preparation of illustrations, maps, and drawings fur the publications 
of the Bureau and for those of other branches of tin? institution. 

coLixcrrtosa 

Collections transferred by the Bureau of American Ethnology to 
the Department of Anthroj>o!ojiy, United States National Museum, 
during the fiscal year wore us follows: 

A rr^ttion 

At. 

I filing. Cult from voodoo slimim hi list? ri-glmi nf Coils ne*f 

Port-au-Pjincr, HniiS, onil a uiuaU M at ircbutflqskaL nbjwt* frmu 
Turin jsa Ulauil uf t iin* iiiitUl musl vX Unit!: cuLti> U’ii ttf Dr, X. 
durEt-t: ttiL' rummer i«f lG-tt, 

1D220J, Arelwoiifgicul mi ter laid from Venturis, &mm Bartwirti, luyu. noil Kvre 
Counties, Cnllf., collected bj Dr, IV, D. Utrcnfi In liiil. 

iiwnMAimiTn 

During the course of the year informat ion wai furnished by members 
of the Bureau statf in reply to numerous inquiries concerning the 
North American Indians, both past mid present, and the Mexican 
peoples of the prehistoric and early historic periods. Vurinttt speci¬ 
mens sent lo the Bureau were identified and data on them furnished 
for their owners. 

JVttmnr/.—Dr. Philip Drunker wa, appointed on August 1, 1041, 
as assist not ahLliropoiogitl j Dr. Alfred Mdtruux wis appointed on 
SepbinW S, it'll, ne unthropoh'igiat; Mi-s Elhelwyn E. Carter was 
appointed on Septembers, 1941. ns assistant clerk-et*negrnpher in con¬ 
nect ion with tho preparation of the Handbook of South American 
Indium*; Mrs. Catherine M. Phillips, junior stenographer, was pro- 
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m ° twJ . *° olerk■ stenographer on January Ifl; 11M2. in iJi e 

wLtorial division, Smithsonian Institution, and Mrs. Ruth S. Abram. 
“'■J' WMS H J , P 1, ‘ni*.‘d on March Li!, m2, to 6H this vacancy jW. ft Groan- 
wood was transferred on February \2, 1042, to the United Sutea 
XaimobI Musaum, md on April 1, im, was roamgned to his femur 
portion m the Bureau library. 

Reapeetfuilv submit ted 


Hr, Ch O. Abbot, 

A’s^fcpy, xSwiliAjfomon /tu^u/w*. 


if. \Y. Stihunu, CAitf, 


APPENDIX 6 

rEPOET ON THE LN’ESE^tEONAL EXCHANGE SERVICE 

Sih: I bare thu honor to submit the following report on lIig activi¬ 
ties of (lie Intjemutiniml Exchange Sorviff for the fiscal year ended 

June 3iJ, I94id: __ n 

1’iie congressional appropriation for tint Eichong' - was >*4,580, 
the samw amount grunted for the previous year. A; 1 wiL'< dune last 
year, tbo Department of Citate transferred $900 to tli« Exchange 
Service from ail appropriation made by Congress to (hot Department 
for carrying on its work of iucreusmg tha cultural relations between 
the United States and other American republics. This amount was 
used by the Exchange Service to send jwckngts directly to corre¬ 
spondents in Argentina and Brazil by mail instead of forwarding 
them in boxes to exchange bureaus for distribution, thereby greatly 
reducing the tune required for packages to reach their destinations. 
To all other South and Central American countries, as well as to 
Canada, Culm, Dominican Republic, Haiti, Mexico, and Newfound¬ 
land, packages of publications are transmitted by mail under govern¬ 
mental frank. The $300 w*s not sufficient to meet the entire cost of 
postage on nil the packages for Argentina and Brazil but the extra 
amount needed for this item was met from the congressional appro* 
prhtian for the Exchanges, The total available teioiirces for carry - 
jog on the exchange work was $48,505.50, then- having been received 
during the year on account of repayments $3,125,50, 

During the year 361,131 package* passed through the service, a 
decrease from last year of 15,131. The weight was 326,400 pounds, 
a decrease of fflJWS pounds. The publications sent and received 
through tlie Exchange Service ate dosaified under three heads: 
Parliamentary documents, departmental documents, and iiiiseellane- 
ou» scientific and literary publication*. Tim term “parliamentary 
documents,” uf hare used, refers to publications set aside by act of 
Congress for exchange with foreign governments, and Includes not 
only documents printed by order of either Hmire of lonfrrt®. ut 
also copies of each publication issued by any depart merit, bureau, 
commission, or officer of the Govern® exit. Govern men to to whic 
tbi a el of publications are forwarded rend to this country In ex¬ 
change copies of their own official documents for deposit in the Library 
of Congress. Tim term “departmental documents” embraces pubtica- 
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lions delivered at- the In^til.ttCion by governmental departments. bu- 
or ManraiwioLn for distribution tr. their correspondents abroad, 
Publicnifonfl received in return are deposited in the tariuiis dep&rt- 
mem a! libraries. “Miscellaneous scientific and literary pabUtationa” 
n re received chiefly from learned societies, nnivt-reities, c nUu^, ecirn- 
tific institutions, not] museums in ill* United Stated for traiwinission 
to similar establishments in all parts of the world. 

Detailed Genres under the* three headings nre givm in the 
following table: 



Pswbr< 

Wfliini 

Mi 

mfctf*d 

RnfhcO 

fttlHMU 


frittra 

4'bmd 


v f-" r:.i 

M-STT 


n\Tm 

Ftt 1 'i't 

m trtnrn trptflljiupni^rr Jwmwtt.., 

Lb LM ffmm, ewirtetsw™ 

I nli 1 . cnrkiru twyirt tenrtlltfl %r ftrjMninftpl 

Pistes SI! £ “ffl* ■Sirtfiii.-, 

JJWEteyflui tforiUfln wpi] Inrrtfj |auU'ntkBft«4*lt*i1 frmti 
*teflad fri biaifi|!ticJ»Q in it* Vtiltatf. *»-»—___ 

m 

i jjsj 

T r «-1 

sTan 

ILIA 

7o«I„ . 


r 1" 

P 4I,S4J 


30T,*S\ 

tv sal 

Cnul total 


mw 



Package® ure forwarded abroad partly by freight to exchange 
bureaus for dif 1 rilmilf:u and partly bv mail directly to their destina¬ 
tions. The number of boxes shipped wit* S&0, ti drereare from lost 
yc:ir of 3®k Of those hews !W wen- for depositories nf full 
of governmental dominants and the contents of thr? remainder (SP5) 
werh- for depositories of partial sets nnd for various establishments 
mid individuals. Tin* number -if mail packages tth 3 I57 t 4, r >4. 

The work of the rforvire is still greatly interfered with by the war, 
which Ilf the clow of the year had resulted io the suspension of ship-* 
incuts of exchange to ail countries in the Eastern Hemisphere oxrept 
Ctrem Britain and the Union of South Africa. In the Western 
Hemisphere, where packages are forwarded to their destinations by 
.nail, mostly under government ill frank, there has been no interrure 
tjon to the sending of packages, although sotno delay results tnL 
Lheir examination by Urn Ofllce nf Censnrehip before behre allowed 
to leave the United Steles. S ed 

Tiie dates of the last shipments to the countries to whjfeh the «uid. 

!!;«► i*f true ^ ■ dt^ti .1 ^. .i 


tnrflA 

rortni;iil _ 




Swltwrla:: 1 !... .. 

“—- 


Oct 


Dec. 


it, 1SH1 

t. mi 

2, ItHl 
H. mil 
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Hew Strath Wthw-----O'* 22. 1M1 

(jneendund—„-————- • ■ ■■ ■ *- >u - 

StuilO AUStrnHa---— - —-—* r,t *' 

Tlumaujiii_—--—-j= J ‘P [ - —. 15,111 

virtoti.!---—-— oec. 22 , iae 

Wfit.-m AmrtraUti-—--— 1IW1 


w urn iv pfmrwmifriT.s uf’ QOVrjiN If r.TTTAl. LhUTittttTS 

There now im reecivtitl at (he Institution Tor transmission through 
the Intern a lion*) Exchange Service to foreign ilopoaitorit* AS full 
seU ant] 36 partial seta of United Stales governmental documents— 
a total of 01 sets. At tba close of the year no sets of government*! 
documents were being forwarded to an;* countries hi thfi Eastern 
Horn i sphere. In the Western Hemisphere the full nml partial series 
were being transmitted after eliminating those publications not 
allowed to bo exported by the QffitK of Censorship beenuie Lliey were 
considered to contain matter of pfl*EtbIu oid t-> the enuniy, AJ1 the 
publications forming the full and partial sda of governmental docu¬ 
ments now being held will he forwarded at the dose of the war. 

The depository in South Australia a os changed from the t’arlia- 
mentury Library to the Public Library. The partial sots sent to tho 
Straits Settlements and the State of Kiu de Janeiro were discontinued. 
Tl» Bibtiotec* Naduind in San Salvador wivf added to ilia list of 
depositories of those sots, 

A complete list of the depositories is given beli»w: 

BrJHMUTUBEGft Of fUUj SCM 

liliwdftn <le Iqfe*ilBodaoi-(v Arrlilra. Blbllotce* J t 4 «t»tactfia 
Esinujcra. MinisterLu de ftelactonea BaterUim j Oilto. Itai<noi Aire* 
AiitiiAui: Common wo I Lh Purlin weal and Ns lb-on I Ultra 17, Canberra. 

Nmr Bourn W*um: Public LHmmt »f New forth Wale* 1 , Syrtwy- 
Paril-miMiLiaiT Library, Brl&Hih?. 
gttirrfi A-VBTililli : Public Library *if SotUSl AustrulLn, Ad^UiAo, 
TiiniAmA: ParlltumynEory Libra ry k Hobart, 

ViftT&iUA i Public Library «£ Victoria, 

Wcsto* Ai:ivTi-i qa t PnMte Library of Australia, Perth* 

Bmmuui BlbltotMfSWi JtnjriJa, tirnariU-*- 
tkuuutn ImiltuLu Sudonnl 4 *> Utto. Klo <Itp Janeiro^ 

Oaxaca : Library wf radlimunt* Ottawa* 

lYraflaclal library, Winnfc^ 

Ginvtujp; Legtolririrc library, TorrmLfc 
QuJiim;; Litirorj uf tile L ^UJuturt uf tbit Pruvlnde of 
Cn m: Bihlluh-n Niclcmtl, Strut luge, 

Cni^A: Bureau af InTCfnationnl tachanpN Ministry ^ Ed oration. CUn nB fc in^ 
Qgedmpia ; RlbNuteca NadoaM* IkiE^LA* 

Cmn Rica; Oflcina da Pcftfeiip y Cook lutettafllmuil an Public*donM. 

Smt 

Cun* ‘ Minister!* d* EtiJtdo. ft! rood An lb? ItetadwGs Ctfltimilfi* IXubnna. 
CrccitosfjovAKiA; BEblrutb^qu* 0.0 V Asn^ro W (it KniMmuJc. PnvfiHA, 
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KwtLK?]!p'Unjjji^p- V I •;k;i iwrn i^s SWsitab, r-^uhafeii 

Btffir: Buraiu d?» PoLUmtluttfi, Minolta? 4i?i Pium.*#, Calr* 

Esm>?fiA: RUtftrtimmirilfcoft (grata Library), TnlLEon. 

FrrnAtfi: Pirliamttitoj Library, IfcULfifcL 
i'jLUfUEr BlbUotMgtiii NeiIuiuUj* l^rs«_ 

OfcUAftr: taiuk bill ill® Dm RiilrtumiLnhEcHiitn fflr Wiir^*t!miL EtxIc- 

him^ i.mi TolkiblltlLiu*, B^rJln, _N_ W. T, 

iTi-usaift.-he SlanrBbllil!Hb^ BerILo, N. W. 7. 

Cheat B&itaLt: 

Ema-Mroi BrEILfib Heim*™, tymdgix* 

ljyswx . t.i.itdun SeW] nniS I*nllf1rul Sclentt- (T>e^ifllii»TT 

of lie London County CotmrfJ.) 

Hl-thubt: Library, Hungarian Ifnuse r*f Delegate Budapest. 

Ihoijl. Imf^rLnl Library. Calcutta. 

Nuilatmi Library -,f Iratauri, Dublin, 

Ir.wt: iflnlatert- deirEdiiraitflom- SatiueiELJ-, tb?mv 
JutaH; hufji'rlni Library of Japan. Tulera. 

Uttja : ItLblJoiLkriu* irEtni. Hipu 

IjiAouE ur : Library of Hm; l^agu^ or Nation^ Genera* SwItfa-rlamL 

Mixtco* Dircwlriti GtTi^raJ dc InJomncKub fte-re-tarf* d* Gotwniwsto, 
Mexico* D. F. 

NrrniiiU^K: [tuycil Libra ry, The LI Agile 

^' EW Zuj_^xn l>nr*J A^mlsly LHumry* WeJUn^tofi 

NOutholt lamjL»p H iL SwUnwty > iflw* IMfaisi. 

Nciwat: Ui3h^raketBllLbliotIiek, Osle. (Depository ojf the Gomnmetit pf 
NVwmyJ 

* >ta,U5 d* Pf>Tpr!gandft y PufallenifioiiftE, MLniMorio ds HftlBCloiiet Ei- 

icrJut*?. Llia.i. 

Vmaxd; BUiiiolhftjuc Nationals* W*mw, 

IVumnUt*- BJHU.jkvji NneftmaL Llpbun* 
fiftuAruA: AcnikmlA HatnlnA, ifnitamf. 

Sf-us: CdifeM* ltil#niatloxinl .h- ihi]iUrari*ne* p Avenhbi if* Cairo $oielo 20 
Uadfld. 

5w then; KuugJipi DEbliot^r. Stockholm. 
j?TTT3Eit^AS Bib! lot h&quo Cent rate F&ternle. Barilo 

Tt«irr: Detainof FrloMo^ am| E^Tsr'ng, Hjnbitry of Education 
Istanbul. 

t^ion or Scitth Anne*: Statu Library. Pretoria, Tmatmt 
Pffioji or frim* Socimjat Rffimi: AB^BrSou LnnEy Library, Uescinr HA, 
ffcrBtuLin l^ocli*ty rfjr Cultural ihHaihoM? with riirelcsi CoauuiM, 

KJflV. 

1‘hlvil’at: Oflcfon <Il- Qmje Iutcnmctittuii tie fNiblkncldecs, Honlevlden 

Vram'su; Uthllolocii Nnrlanql, Cnneaa. 

TrootiOvi* ; Minlst^rc de iftlnmilan. lklRnut^. 


fuji-kDiTTnina or fAKiui. 


MUUrtery of Ko^lgr. AMaia. IWteutaM Dn^rtai^r k q i iuI 
B0UT " J Wb»iot«A SUnlfttorlu J t Ikladmite Eiturlaws y Colf^. U 

BlLiUL ! 

„ ^ <Jnw “ : Cersl d B EsUU.Uot rm W) nw> Belt(> 

ftsmaM Quiita; Oorrmmt'nr Stcnrury * Office. CSwrgHuwu. Diatattm. 


Aiiibta: Provincial Library. Lilmontoa. 

Itimaw Columbia: ProrineUI Library. Vlnorla 
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ft.li 


C* ii a pa—C oat inoeii 

New ftBtj^AincE,: Library, Fr#d4*rU»tott 

Mnn.ML ganu: Prfiyi nrlnt Smtirj of Karo Scotia. HaUfinL 

IMl^cg V-nWkW Isuusb: T^islai!^ fieri Public l4bniTy P ClmrlfVttet^wn 

e^katgeikwajt: L^glHlcrtrt Library, IU L ^itiii. 

Cetlw: < h trf I'Wn’tin's Oft-* rd ttepufmebt uf tli* LUtot). Colombo 

Cum a: NaHoiuil Litimry iVitiiag. 

Dominica** Rrm. uric i DlblLotecu dc3 Btfbsdo. ClndAiS ’TrajUTb. 

ErCAlXii: D]|jliuMrru 'Pf*<bMlni r Mill TO 

C3v-itKitAiA: Blhllntera Na^ltrucil- Gtinimintii 
I [An r III bll ii £ h N si i Um fiU\ Pt.rt -a u I 1 rt m>* 

H»tflItSU£ t 

BiblMrcn y Arcbleo Nflrloimlt#, T^tlClfiiSp^ 

Mlnliiterlo do RblaclanfA Ersfwior^. fcipTciptSiiE 
IrxLA™: Nnrlmml Library. Il^ykjEirLk. 

Iiteia 

Be* gal: Seerriiury- Bfrn*pl LqgttfUlfrt Cotmei tK»pimMi (ftuncft Hera*. 
Calculta. 

Brn ax Afro OanaA; Eereircif? DcivtrlttiHDt, Patna. 

Rohtsa t J Und^T^i^rfinry to lb* Gormnmani of Bombuy, Qm k&teI Dtpart- 

ncut, Homtmy. 

Ru&ua: Secretary Ld the GorcrniH^nE of Burma, EduraMon D^mrumilt. 

tUBfif.Ofl, 

PTTtfjAji: Chi T fWmxrj io fbo ^^rnmcnl Sbr l^mjnh, Labor*. 
u.%rtni f*!un, f n or AtiJk .nil IIt-'tt . I'oivu i-sil y 1 *£ -Uldlia ha ■! aMji bntl. 
Jamaica ; CrdcmlaJ Sf-cKrlnty. KlJijjstofs. 

Um*iM Ehiwrtnteiii of Stxtf, MonmriJt. 

^Iai.yj, ■ MLnlnter for lira Tmitiriry, FetllcrHQ 
NBwfoiwuiAfioL IVpartmrnt of Houm AlfJllfft, St. John'* 

Xicabaqta: MlnM'nrlo <k* Rctarlmia Jfrtertorf*, MmiafOA 
Panaua: Mfcn£*Leria ftatadiiHtri Eitorlorea, Pmnasia- 
I■ AiAOFAT i Secrwtiirto fa la ffwiilenda iii> la Ri-siilbUra, AmivtUki, 

6AI7NIQR! 

EUbJIr^^ National, San ftnlTailor. 

Mlnlatorto tk* Hrfaclaaes ExtarJona. San Hnlraflon 
Th-uu-nd: Dop.ir1 raofit of ForoEgn A Uni ns, Bopjrkiit 
VA-nrAif Cut; IHMSoteca AjHwtuUcn V*ilt*nfl t Vaikan City, Italy 

t STEKFARLtA KENT ART ESCHANfSfc OF THE OFFICIAL JOUlNAIi 

The number of depositori&s of the Congressional Rword and Fed¬ 
eral Rc^U'ier was reduce)]; daring tlie first 9 montlis of the year t Ihs 
number forwanied being Tl. Tixose sent to the following countries 
were discontmued in March lM3: Gibraltar, Hungarj 1 , Indochina, 
Netherlands Indies, Rumania (2 copies), and Vnticsji City. In April 
IMS, the Banding of the Congressional Record to foreign countries 
through the International Exchange Service was discontinued for itae 
dunit ion of ttir war by request of the Office of Censorship, 
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fiKPUftmixmi vr 

Amsrnff *: 

BCblfnhTA del Onf^giwn N^ciOTtiL &qfrnnp Aires. 

CfiiEiaru dr DljiciHito, QfirUm tie lliftfnnasHk* BiirLfimf^Eafifl, Buenoa Alwn 
Ife di^trv OMM da 1* Afgueitlo*. ill&l&lertc ik JtBtldM r iHMhttceJfln 

BrtLJlea Bijffuod Aire*. 

A trenuLi a ; 

CutnflrcviitniiiiLk pLirllrtmenS and NiitiHiml library t Cflui^rrt, 

£octd Wuni Library of l^rlltnnaai .if Xi«w Kcmtli Weir* 3? Ann** 
g macft OMa: Qttef i^cma-fys om-sv Briainittr. 

Wsfto AnsmtAOiV + Ubrary ufParllnmiTit uf W^ttrn A^Ntntlln, F^iih 
Bumi 

Bibltotec* do ODBffMn N.ielfmiiL Hu* xji> Jnnniro 
AUAKfloruft- AfOkUv. mblloU^A o ImpRAH P tallies Mattfc*. 

Rum; Gortrtitto do talAdo dn Halil a, ftfi* Sattailnr. 

Kanuro Santo; fri^idonfljt do EMutio dn &p!rlto Sujuto, Ylclvrtii. 

Bim Ufc&*rm r^r IViareciinri^nii Akizre 

WMiuu- -1 Puhi <-n ?i., Bstatlrp d* S^jhItv. Anrnjfl. 

KauP^tjnj DUltLo Offu-iid dp dr Sn4- Ffcufo, Elo Fault* 

IbuTi^ir FfOKtfBfcAs* Colonial Srrrv t njry. Ik-Un*. 

O ■. r. 1 : 

Library nf SWJhnnoitfp Ottawa 
Olvddt uf ilie Spun k, Ilmnra of ParlUmetil* Ottnra 
Otna: filblkitacit del Cupltolhh, lhiLmcta 
Ea tit: 

Cbqmtini to Df-putta, Cairo. 

8fa«t» Cairo. 

r iiu M.lr ]..lir;T. of IM Fottfsn Office. b^ub'Er. 

Ouatemaj^ : Blbllrtteea ile In Asa ml to l/^unaUrfi, Gun. Simula. 

IlAtn: LiiiiirisTbtquo Nnllomile, Port-nti-IVItift?. 

I f ■ = n ninua; HlbhnE Lx-ci .1 el 1 ' i mpr rt N tie ionnl, 'l>jpicl pn 1 po. 

XardAl IfcfinrtfnenT, Mlmln, 

lBAN ! Library of the Iranian Fbi-Hh rtium. Tvh'ran. 

ia^Q: Chamber •>£ Bu^JllIjllS. 

Irara Fue* States Drt« Etout), frirtta. 

Lkmti- 7 t,F ^Tir^it Library r-f t!ir i.r-ur-.f' of tfntimM, a<?iH>Ta» SwIixarfaKid 
L***aa;s : UlMitArc to Plnaac** di-14 rEvp.n|[<HM Lltaitail^ fr^rrlccda Mnt^HcL 

BvlrnL 

VatMiAx tM'ittrrfnntir of Sime. H^hsTin. 

Aleri O LlSrereSOii Gen^ml InfnnimclAn. y^TT;tarSa [|e Cr^r[MirVd» h IdfxIcO 

t>. r 

AoriiWiuriwi: ftob&ttiftdcir ib:! t^tn.bj A^tm ned I lenten. 

Cauwhi: aobemndor ded Efltd<i do CArapittttit 
CttrATAr: ij^lifTnuuitTr dpi F^Tndo cIh Odapa% Tuxiln 
Cn!iiBM!£4: ij+de rrmijNr ib h L K^tnde de ChlhnahtiiL, Clslhnubiui 
COiincal^: rmfiglm OEteliil del libido ilc OwilllEIPp Pyuria ds Gobbmn 
Saltillo. 

Oaw; OAbenudnr drl Kit ado dn Col Iran. Colima 
rUra-LMaci: Oct^rrandJir OmaKliwIml rtnl K*taAn d e Diiran^, Dnratigvf 
OtjA vajuaiu; sernjjnrta Gencrat d> did t^rado, U irninjumo. 

nmtito: Coborandor did Evtado de OtieTjin^, CblHiiHirles^o, 

J^LJftOi; Btblloiecn del Eitado. GiTndntrtJara r 
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Maxi w—Cootlfi ned- 

Jxiwrm CaUtti*jtia : G^fr.’njiidnr del Distils Mm [call 

UfjHDri: Gru^m d*?l GoW^f^ Tolura. 

iUciiiMpJjt: Seemurfii Oflnml de GotiSemo d&l Kstndo d* HltibrtEUt 

Hinttfl* 

MiKftn^: F»Iiw"fc<j do GnHrm«, Cnni»nci 

Nataot: Gtfheroadcsr dc KBjrurli, Te|ii£, 

NU*>[ P BIMIiOleCJi iM Estjldflv tfOOtfettt^ 

Oa*acj : Pi-rlAlSw OdeEfll* Pnlncl* de OoWaroo. Otoam. 

Pf-cstij^: Seen?mrtii General de CJnbiem^ PuPhSJi 

yuimittAiw: g-e^Earfa (tairal tie GoWair'fc S5«clto dr AjcIiIto. Qu«i4UAk 
Saji Lo» PbimIj Cou%r<-w del Ealndo. Em t*nla Potoal 
Ri>-M^u: auberuidnr itel Hfttttdft fc SlMtoH* Oilifufln 
Sokiwa: Gr trenmilor ri*J Eaiadtp fc Bnnonu EAwdU* 

Tabaku: KomUrfa do GobLeim, Swcito Itamu de Pumas', \ lUa- 

hcrmoFfl, 

^Au miuri ii! SwittHttrlii Goijpjnl ile QoUtelHiRi Vleiorifl- 

Tlaacala x &xm h !tirla it* Go blew 0dl H^uatlo, TJaicoEn. 

YmoiLi: Oabcnutfrr del Eat ado do Varurnm DeparEanienU* da Goto®** 

cl An j JmjtlcJl. jBiipfft. 

Yri^TiK: ffciVnindi'r del Etftado dp* YomiK Mftrid*^ YocaTAH- 
Net* Zi.ua xd: Geoirftl AasaoiMr Libra 17. Wdltwtfm, 
i'atu: GAraata do D [put ados* limfL 

SwrTEEdriSbi DibllQLbiqnp 4 l k fV-dtrula EMm*, B^mo, 

Bka^t: Stain *-katithd nJe* Enrtlftisi Bern. 

fer. q*TTn f; grajatxkftFudeL ite» Kfliiiorta EL Gallon. 

- StnniHkiiEsiiol di^s Kantrui* EctuiffliiEuSPn- 

ZtiXtoJU l SrimlukariMfll dca Wtsfym Efirli’fc, 

TinKEr: Tttrfclaii omtiii AaiembiF, Ankara 

Fhion ar Sourn Amzi: 

Uto rj «.f I’jiflLnnwul* Cape Towel, Cop* of Good Hope. 

Stale LVbmr?, IlHarla* Tnnnaal. 

Evmvxr : DLjirU. OBlIuJ, Coll* Pinrldn lim u™t£Tld** 

V^tau: tiibiloiro do) Con^--, Cars*™* 

ronEioN" Kxns azkhe agencies 

Th& following is a list of bureaus or agencies to which consignmenta 
an forwarded in boxes by freight when Hie Serri» is in full ojara- 
tion To all countries nut appearing in tl,o hfct, packages are sent 
directly to their destinations by mail. 

ust or *a£ffcrr* 

AuiRBu f tVa FrttK*. 
a^wji-A. rla Fortuji'L 
AtiarviA, via Grrmnn^ 

AioufJ. via FnrtoplH 

ISxt4irt5w: ^tnrirr Bp'ife dsw f^ibniL^a latcrnntloiiaux UVbMftthftque R^ymlc de 

R?tetf|Bi.% Bndrtllf=a 

Cwm rfa St>alc- , ... „ _ ,. 

Crnttui Burwu of latemattoBnl Eiduinp?. SUnlKtry vt ^location, rjiangklrsf- 


aoiaai—it-• 


(iS AXXVhU KEPOK.T SMiTEitfHmjr DURUlRtOS, IPtJ 

Servlet drs fictumse# Internal lotus ux. nihlioth^u* de 
1‘Aay niW^ ,\t) il.nible, Pmgnp 1-70, 

l>i'Mi.vuc. t>.:irinli di-i ,i »rIi iterant Inca ut. Xoncelige rmnste 

Ynkmfcolx.Trn.v- Se^Jikalv CftpGbJmj^ V. 
frrrr; OovecopHliE Press, Publics IJotu OOW Bulaq, tiln», 

Deleenrbu <rf itir SciemitJc SvcLetteti of Finland. bjLjirtjmtan £n 
Helulnki 

Fulhi-*: Service VruucalB iltM teiuuLffr* Inlerattloaaia. 110 Ui» <Je Onwilii 
Parlf. 

0b »*st: AmerUtn-tturtflnr. ITn I‘-WITH Hiram B. Berlin. (f. W. T. 

<iiuu,T Itsmi.T Ajto ijicLijsp: iVbekkm ft rn North Circular B«d 

WUli .HiJj/ii, I.mddO, MV. 2. 

UlTXAint: Htiopirljiii ldbrorl.-'i Ihmnl. FrrefjelelcterTj 5, liudn^t, TV. 

I^dia: tsujieriotciukul of Government Printing nud Staiii net?. lUimtinj, 
tr.ii.r trtneto drtfi fframtl IhWHmioflll, Ululate*. dclIlWiKniiutti- Ntraltmale 
Romp. 

J « l "nuiiUinal Exriumge Srfri^. Iti^Tinl IMmirj of Jonun, Pre&& 
Parfe. Tukjo. 

Sen-ice OtKf? tichim&m tnn nmti.mjiiii. BIliUolb^rf|»e ti'fdmt de UnUmfr* 

Rlffll. 

pin 

MADAniflcAA. rlj| Frame, 

?Lb Porth«*L 

Mruum^i^ rlti Porlncnil. 

>ifrrni&,jjr^H : Intense!! mini Ksrrlianju? Bureau of rb& KW^riafiite. Rath I n 
brurj. Th" Jin jin* 

Sschtmj Wales; Public iJIrWj of Nt w Snrslb Wntee* Sj b i1tii?| , b 
>ew ZE4L4 mi : Gfiiorn] Libnuj, nn 

Nc*it*r: Berrtuf EftmrC-gft'h dts lutrmsikoi: ht. HlhlbitJifeqtiP tii 

IWntrslE* Rafale, O^D, 

Palestine; JetrLeh NntE--rij>| and TTnkmilr? Library Jarena tem. 

FoMsd: Skrerlj® i'.-.iiftuijJj- livt*. fcdbanati IntirimtiotuniE, XtlMtirtb^jmi 

Wi\rv*w. 

P*mrmAL- sta^n ,1 ( - rnmis Ihnntfrti)nftr?i. BttfltarncK Xiifluflnl. Liihntt. 
OvwrvmAxn: Bun*--, u «f ExrbrmgFfl of Inr^mntlfFnml PqMtcatlmis, Chief Seerr- 
UhTfn Offirt?, tlfinlrntt^ 

RuvAitjA: Mtaimfr-r iU- )n FrepnearnTp National^ S^rtirt- drs feduiiiEeH inrrr- 
nmttonnna, Button rwit 

Smttb Atnmufj* Sj>mCi AtmfolEnn Gnrzmnxnt Bn^unxtn BnrtAti, G^^fs 

ntPE!* Priming itml PEallm^rj Ofl' * j \ 

s?r».is: J'Eiiln ItirifiTMiuliliA hr dp Ubr^N v RptMiH f^^ri rVUpiLorev 

en« PrtbTfnis, >RotsiEErfo lie r^lneHeifl» KntleiniL AtpuIiT* Cairo Siili-To, 
Madrid 

Ewmr hhb: p«r-.-lr.nr ^cbfuiuftf Inform llfinaEU. BEbUuth^que Cen- 

trak FSdimie, 

TAHiiAn^: Seere<ftr7 m ~hr Pranler Hohnrt 

Traatn’ MWl^rr MutaHfrti, Est^rtmei.T of Printing nnd EcfrattnR. 
rEllIRbRlr 

Cmris cr S.iPTn AfflK-AT tJoverDni'jnt Prli.Mi, c „ n 4 Bint toner* run^. Cure Tirwu 
f fit Geoff Jlopo. 

Oiow rir Soverr «.mirt«T Smmun: Internntfcnnl Tbwk PrclittB*^ D^t^rt, 
JILMI. &>eiet 7 for Cnlmral ItnaifoM vrlih Feitljnt Cnnnlrlca. krotsww M. 
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VcCToau: PnWle Library *1 Victoria. Melbemms. 

Wvnm* At:,9t urn: ill'll- Library of Western ammaN*. fmL 

teMkiitti Section 0» £ctuine*g tntanuiitoufliu. MlnlatAt** .It* AffuLnw 

Belgrade- 

C. W. Slnxmnfecr, Chief Clark «f the Estranges. vras retired on 
November 80, 104 L after more than SO yeaira of torw* with 
Institution and after having; worked 11 years over the statutory 
liniment age of TO. In this connection it may be mentioned that 
International Exchanges is noted for the length of £®i w* "f p- 
nf its employees. M. A- Tolsnn has served under the institution fur 
mm* titan Cl year- and F. E. Gas* for 65 years. 

Rusptstfully submitted. . , ., , 

F E. Acting Chief Clerk* 


Dn C* G. Amur, 

Secretary, Smithemtan Institution. 


im 


APPENDIX 7 

REPORT OX THE NATIONAL ZOOLOGICAL PARK 


Sm: I have tbe honor tu submit the following report on tin- upcm- 
th>H3 of the Notional Zoological Piirfc for the Hsm] your ended June 
30,10421 

The regular appropriation made by Congress was $12311,260, all of 
which was expended with the exception of $4,000, which represAtiU 
savings of aslroies for positions not fihtd. 

pekronxel 

In common with other agencies, the /**> hns had lonsidernble per- 
Home! turn-over, losing a number of its capable employees through 
transfer to military service. These have hem replaced, as far as 
possible, with employees who will serve tor the duration and anti! 
the return of the regular stuff, 

IMPROVEMENTS 

The cessation of W, P. A work anil the condition;, resulting from 
th« war have ]> re vented the making of Inn ter: a I impTOvmuunlS- 
Pefore OUT entry into the war, a jrnisll amount of work was done at 
the reptile pit in front of the reptile house to improve its appearance 
as a natural habitat area. 


N'EEIJP OF THE koO 

The needs of the Zoo remain tire same QH outlined in previous 
reports. On account of war conditions, no request Li being made for 
unusual expenditure* ut this time. 


VIStTOBS FfiFi TDK TEAH 

The attendance for die year wna slightly more than that for fot 
year. The tire and gasoline rationing which went into effect in lute 
spring brought about a perceptible increase in visitors bv bits and 
rtreetear and on foot. ‘ 

Jol*_„_„ 


AuJirat. 


3c|irf inner. 
Oclaher.. 


FetimpjT 

Usrcli_ 

Aprg_ 


Nowanhcr., _ 

Dcci'fnJiCr_ _ 

lumnrjr _ 


are. mo 

215.300 
"Sl, SCO Mnj. 
203,200 Jnn>> 

wi.oou 

121,100 


101. sou 
100,000 
3M,ODO 
217. son 
Sts, lye 
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The attendance of organWtintut, timhily clUKS of students, of 
which there is definite record, was 10,0(50, from 212 different B^ols 
or groups in 15 States and the District of t oluntbiu. i hU large 
decrease from last year of visitors in thi3 group was due mainly to 
restrict ion* on chartered bus travel which went into effect the first 
part of .lune, a month during which the largest number of schools 
nr dosses usually visit the Z«o. A. complete listing by States follows: 


fiiib 

Siq&tn 

4T 

jMIHD 

KntoNf 

oJ 

ihjia m 

Htil* 

tun Ik 

6f 

ptntrn 

^NitEMr 

fltf 


m 

D 

4 

1 N nri b CifuiifiL ..... . 

*L 

A 

■ e w 1 - i M — 1 * *■**■ 

3 

mil*... - . 

n 

1 

3]j iirui g£ CDluisbJa_....... 

Mbtnn . ...—L 

Mirrtn d- 

II 

im 


Pff EHlfffSmill* _....... , , 

t.yv* 

U 

i! 

Bi^UH CVridirta 

Tratrwc*-. --*-- 

JA ! 

i m 1 

B 

t 

n 

-,--- 

V«rtr f 

m 

l?i 

I.GB 

Un 

i 

t 

3fi 

* 

Tctmt... 

WQ 

1 9 t m 

fi 

4 

IU 








As in preceding years, a census was made every afternoon at about 
3 o'clock of the cars parked on the J5fw> ground. During the year 
5tyS8? cars were so listed, representing every State in the Union, as 
wdl ns Mutko, Brawl, Canal Zone, Cuba, Guatemala, Haiti, Hawaii, 
Mexico. Puerto Rico, Panama. Philippine Islands, and Venezuela. 

This count is not of value as showing n total attendance, but only 
ns indicating the percentage of attendance by Staler. Tim record 
for the year shows that the District of Col umb ia autoiridbilcs com¬ 
prised <J!> percent, Maryland 22 percent., Virginia IS permit. Penn¬ 
sylvania d percent; ami the remaining 20 percent were from other 
States, Territories, and eountriea. 

The nttenilunee at ih« Zbo reflects changed conditions! incident to 
the war. Formerly there were relatively few visitors in the early 
days of the week and in tins mornings, hut now there ia u pronounced 
increase during these periods, so that the liiglis and lows of attendance 
are less pronounced. 

Giving to the large increase in Washington population, the local 
attendance at the Zoo has so increased that it offsets the decrease in the 
number of transient visitors brought about by the curtailment of 
automobile travel. 

Wg< numbers of men in uniform ore enjoying their first oppor¬ 
tunity to vigil n large zoo, and acme groups of injured or suck are 
brought by nurses or Red Cross drivers. The Zoo continues to be a 
regular study ground for art and biology clashes, as well it* an impor¬ 
tant focal point for letters, telephone calls, and personal queries 
regarding animak, their behavior, and methods to he followed in 
preventing or remedying injuries from animals, how to care for 
animals, and many raised] onto us questions. 



























72 ANXUAL. HCPOPT SUrTHBOBTUN’ IMHTrnmOSt, 101? 

AlSUiAlD fBBC.\UTIOKa 

So far 03 can 1* learned, the exjiwrianci! o/ oilier zocs in the mr 
area suggests That the Notional Zoological Pack will probably In- one 
of the fiatt-i pieces nimut Washington during air raid-. By the very 
nature of the construction of moat of the cages, it k practically certain 
that any dangerous animal would he killed if it were in a cage 
damaged badly enough to let tJio an imal escape. 

Tlie Zoo hs c fiideavort'd to take precautions to provide fur such 
con Lingerie! £S ns may arise, A number of key men haw received 
instruction ri^arding incendiary bomb-, gas bombs, and first aid. 
and the entire organization ha:, been ins truct e d and drilled in taking 
their n^pectire posts during daylight te?ts and raids. The [Xjr-i-imcl 
bus been divided into groups, so that in the event of xUocka becoming 
imminent, flic practice will bo inaugurated of requiring some of the 
personnel to remain in the Zoo overnight, in order to be available in 
the event of m rgcu y. This is with the idea of lulling Lraiiud men 
for emergencies at night, as well an during daytime. 

ACCESSIONS 

yirJJj wgiuEl 

On account of world conditions, no expediLions were sent abroad; 
hence the Zoo did not rteoire the large numbers of animals that are 
usually brought in by such efforts. 

tarn 

Among important gifts during the year was a magnificent Teasa 
longhorn steer from the ranch of Col, T, T. East, brought to Wash¬ 
ington through the courtesy of the Texas and Southwestern Cattle 
Kaisers Association. The animal was presented to the Zoo by the 
Texas State Society through ’die Honorable Wright Putman, and, as 
the first of Its kind ever to be shown in the collection, it has attracted 
a great deal of attention. 

A pet mule th-er fawn was received from L. S. Marriott, Soda 
Springs, Idaho, Dr, Carlos G. Aguayo, of Unbanu, Cuba, presented 
a very rare Cuban crocodile (Croccdytu* rhombifer), the first ever 
cili i hi fed hero. Otto Martin Locke, of New Braunfels, Tex., pre¬ 
sented a large number of homed lizards amt a nine-banded armadillo. 
From Kenly Chiles, of Washington, D. C., was received a guenon 
monkey. 

Pr. Thomas Barbour, Director of the Museum of Comparative Zook 
ogy at. Cambridge, Mass,, presented two extra large and fine specimens 
of the African iitngfifih. which he had kept for observation since 11137, 
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PGHUI& -TNT? Tjim 031 'TEi 

Dt. CafiOA <). ajjulija Hohnna, CtiJ-a. Cuban crucutM*. 

G. I*. Aftkur. Wtuktogiou, D- € , common rttknlr 
Clarence MLttnxHl RockvJlEe. Mil. dm-k tin wit 
HiUttVM'r* A Oklo Fhdgtir OEkh Wn'kiiitfum, U C. skur k 
Ur, T. Biirlbvur* I'ombriai^ iI^ T £ aMuih hm*jft*k 
Carl Wu&Mkiciou, D C„. *mv loi 

Bdjar B^fclrJ, IVaablncrAn, 1 >. * \ Ttlftbit luiwfc 

Mr Jiurt lire. ]i. A. Biffwtrr, Mmiikt Hnlatar, Md- B T rannita 
D BnflUtlUHIt WflflWactfjtt, I) C-. alMcmti.i. 

R. A Utoitu, Cljvr^ Cha*% M&+ ncrercb owl. 

J A. Brjunt, Witfdij, Ta, olifcf 

Ku'ti ItarlmiLBii, Wa&taEAfftun, D. C. ft™ piruqiKl. 

Mi* rmttk it Cim§^ Tulomm I'lirlL Mil , Feiin durfc 

Reid? aUlt% Wn^iUttiuiL D-.Il*ffrt-cu suttioiL 

J A - CLnrk, Silver Bjtfntofc MU., golden pUttnmut 

Mnrvm Crttefc witf tttfl IVrlrfit IVofthEnffi^. I» *1, nlilim 1 

Ralph EL L>py* Wnahlis^Uin, U CX t horned IIhM- 

HfL L. Dlcck Par****. 3M. sparrow biiwfc- 

lLmi^y DHUmL EmporlA Flu , bo* lonuira 

(JbaHo F Dodp\ Wuditnj:Km. D, G-, akHpdWiiiwtl imwk 

iritUiiun li Ofi -y. AfRnjtfim. V* - iitiiptift. 

Cat T,T- Baai, IliiUhromlllPi ,Tl-pthoro strvr 

i ^ki n, e, fitaiwood, WftMiltciuu. D. tv tomrnon rakttfi 

Haa. Clyde T. EUlfl. Wai*li1i^in 4 I> C. oiotrshuj 

Alclon Evans aiul GOOT** Claris* WbhMu^ihi, D + G* co>pL*f Mill 

Sira- James L EttIh* TVr^hlofton, ll €* Blilealor. 

Rtibert J. lYouer* WinkingUm, IX C,, IcrreL 

Dr- J H FttiQflktU IViLaUJngfun. D. C. bold ongir 

Flak mu] u hiHlrc S*ttSc£, r»wtment Hi^urdi Refuge: ifrroiah Fmrd WlUkSe, 
2 barn owl*; OiruHff& 1 G IJneoln, Waublufim. U C* kyhrld dark; tkrmigk 
F. T. 3n runs tun liatm, N- Dftfc, P i RutciiAiui (««, 1 ^te-to«M ®ao*u ; 
|kr«ii C k WllUmii G Dimers BOloukin N. C.v &mi klou hzrun; ikrongk 3u\m N, 
Himilot Wiittklnctoit. I>. CL. 10 cortuii rntH. 2 wniilicru pocfcrt T ronnd' 

lulled wood rfflls, & ord Mauxunip rnls. 4 Itflanla, 3 cmiehwklp ftiakm 

2 flirtped ractnuiTteii, wMfnuked Usartl^ 13 IloUmiak'ft RfianJi 
E. IL Fl^kef, WaaklUffton. B. tlDcli 

Jttm^ H. Ful, IVn^bingroU- D_ U- P goiljnirk. 

Fflol Fuiulouboi^, Fori LouileftlflU 1 . Ha., ninrine tonic 
Kaiku^D Gurvin. Oiutj Chafl? K Md., l^x tonol& 

Mr* J, r IIjflitJiTlUi* M4 , 4 ftniitwa trwtwlA 

L. J, Gnntklur, Waiddbctlui, D. iU ^=Wa duck, 

Mra. Malcolm 611 rw S|irLug, MU-, yellow-miptil pflmr, 

Jnuc OIIjInoflh, VV.isJiinjumti, B, 0-. !|oroi?d U*nnJ, 

A F. OIIwoei, Wufrbi iLgton, n Ck wpodchtitk or Erotuid ho^ 

Rif bord woldfrrl Md. + £ rod4aUed kawki 

J. S. GH-‘!dit£tiLlk- WusMR]|£tou. |> C. Q bol turtotBCs, 2 pointed itirtl^ plot ttaake 
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W, J&irt (Jreeairoort, ftoitUuoiiLmi ins! WasiJlBjjKiu, D. C., 2 ftiutliurti 

mJ-Jhonld^nenl ijuwkft^ n dtumontf-httck rauMoftkev 

Hr. Ore^HiUp WtHTildfCun, Eh CL - Loaded nil c l*sn 
Mm F. »■ H:..t ■ K- Hinhjtl lid.. 

Wtnlfr^ Hull. Wtifthlngtou* D, C , uigju huvrlL 

F w. Hnrtum, Washington, D, CL rfciL^QK'fctd iibenannL 

M. Dtilwvg. Atlkbgtop, Yi" opramnr 
L A. Tak/Fimi Fork. Md + rligsiifi taunkrjr. 

HunlojiLa Onmc Form*, IflLtun* HtL 2 rliiR-niTkeil pkritaiiMjL 

*3 3 Wi'unlJig, WdJihlujglujK D. C-. ftjin,; ^uirreL 

E. W Hu Ctrl eh ft ml It F rarrik w.islitngEaih p, C. r-.d fasL. 

F rtfJ HlJft W« .■%}! I njjt rm, D 0 M dumb. 

Hill.. WiAbEEigtiiu. Ij CL srrut hortwd owi 
E3J/5 Uni nits, WusMn^toth 1>. C_, ccmui^ j] mbiiEl. 

JX F. Humtihrej, Within? tun, D. CL 2 cUMum surtkiu*, 2 wnt-i-r 

rafcr** eerier Nimfcp. 

R F JhIlin-^h, Wauhln^loo. D <L vh^m 

Mrs. u J^pw, Wa^lnyToiL. u C f<L IiIue-. umi j. llin* uacnw. 
riXfH, V«’. A. Justice. H^L-l wnirr, lid, di.ujbjt' yplly^ v-IkhliI -i.irrul. 

Mrs. J E Kmt, CTLialiington. D- LL cuLornon luimnutrid 
Hall o-nil Lynn Herwto. lV“a m hlainfon fc i>. C., -2 wtllto faljTijriL 
iJ Ulus, i >?kn inn Pyrk, m. i , optima 
AV. M, Kin*, ... etni|»Kilr^ r -1 r;: ^ 

Utn IX Khimki. CtHJYj CIiilm?,, Aid.. cirumnui txm, wnl^r suufce^ 2 ft im- I UiLi r s S s 

s hrtJwri skint*. G glfta# simkeoor Jr-glui m lUarifcu LI Tmsdii 
E Eh Lliinhvrl, WnnhUurtfin, JX CL WiJOdclHICfc IJT girntTid bug. 

Olio M ki.\ New BrnnnfHa, Tei, l(Xl burned htard-* h ttUandt'd ftrtndiHUo. 

A. La¥*rtl*p>, Omuliridgu. UumM^ 7 lartLeoi 

CoL T. IL Love r WusblJigton 4 0 r CL Mrml owl. 

Waltvr Lcitaa, lVoablngtoiu IX C, gray fui. 

W. M.Lhi-flMFd t> C, wnit«'*n mhtilr. 

L S. ILnrJott, Ki.^Ls eprhicn, Iilalio, iiiiilr i«*r T 

il S. MtiUit'w, Nntw VnrX A nun i Ei [in, SV.tf Y»Tk. N, Y., lK,m costnfcHcLur r 

lira E- MniEr^onflan, Bel bradu. Mil, 4 Of luff w|ibrrelJL 

Mr H Mujr, WftBb.Engifm, D. (L clmln nr flmakcr- 

A iUim 8, irrAlllHrer &x\d Mirab It SnflnlLin VVasbluKtriii, |> <L brown Un. 

H. tl. ML.Clurt, WR^ilnjluflit l> CL 2 ilitimoltoiis, Ira UKtOtMi. 

M r McClure, Washington, IX C kl nUlCuior, 

Mr*. J. O. M^liole, Waihinftn^ p , «4 ffniija s^rnqunts 

FI C MeteaJfr, Wnahlujnof, D. Ch wbite-tjironlipd i^imehln 

Mf>tropollma Po1k?e + Ftedtiot Xu tL Wn&hhitfKaiL t> 0-, muitt^Tx duck. 

a Miller, Wofelltagfon, t>. 0 o^ssums 

W. JL Miiziun. Wushlnfftnn, I* C, ho^noiieil ^ttake 

II. Ihiser, Wn^Efilneti’n. D, C K twjrrvil owL 

Sirs J HtuTshT, Wasbhij^m* U, 0*^2 grass parajnru 

Mnrtbfl Niilnrid, Wa^hlne^OQ, P. C. ftlhgruiarr 

»L l^rwiU, Buenrr Vl^itn, VlU taftnded nmlermfike. 

Mn PelensjiL WflStiUifitoJl. P C P ftnnill Atjuli. 

A. S. FollIOi WaaLiSn^tun, D. C.p tnuni owL 
X J, Porter, Dtiri** Oklfl-. Laid cog!e. 
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1* Proton, Washington, D. ' ' ■ »>ti kU- toil -lrriir 

Mr. u rui Mta W J Pmum. Holhmorv Md 'J hlibop «rnTcm 

Baiinj- lU'hl, W^t-.U^' v H C. 'did'.. 

S. mrf WnrLTnpmn. n C.2 I 1 - US" 'hid:*. 

Mrs R. i| Rhodoit, Wusiilneton, n C, tinmans. 

U II. [lift?, OenBonU'wP. Md., lmifitvd turtle- 
3, I, Rtclmrdsoij, Blrtunond, Va. t rlw^i* mnnbi'j-. 

Itwtmtul BohlJlti?, Wasdilnui-'ii, D. >. IjuLj or king sankt 

iL-iLr. In., Sew Volk. ff. T„ 2 c-!Is:red fuudi-MIttf tnllliuls. 

Sunni) HbsmII. Wn'liitigt'jn, n ■ Z1 tniTnnd Hwinh. 

Mr? w, RuriodtfP; WnshSuiffrin, (►. C, - P, Ur ilm-kB. 

fion ftlopi Y*v>. San EH tig.,, Ciillt. Mnkajcm. 8 rh.« mil ur mmirttelL" 

Waller Schmidt. isoJU—J j. MO, ailtgui.ir, 

Jim W. L- BdiulwrL Washington. DC, wunimn Tiibbll- 
n a TT,i*!i!ngt«n, D. C, cociJFTtutirt. 
fir-l. SholiTi!n1<t, i'hi ‘17 Chnw. Mil:. hlllSiH'T 
Hr.. Jew-iili Stullli, Washington. D- C-. crass-primum-t, 

Jjiil-.j Itlcf Mjirn dll lift- Athfltt, Ti.'tm , hflnili it r.H l?.- Hunt:'- 
Carp W. J? Sl'n . 1 '>. Vi.'htiB, Vn., ml fn 
Incn"? Stallings. Washing™, I> ft. ■ IlltfiLlur. 

Mr* S Rlnnlify, df'tir.ncrrtk Mil.. Pekin duck. 

.Hr, Siojir, Wurtnauii Puik fletrl. WuHlilhEton. D. C„ iliirk h*wfc. 

W. W. Sw.i«:Ht. Washington, D. C-, omiiry- 

Ur>. GootW? Swiidkjii, Ilotinl Bnlr'nr Mi?. 2 IVltin d»rk». 3 l -nl'iim" g*w. 

UcrlllO Svr. vl, WistitlncttM. 1 ) F, 2 lr..'HW]II Tnbtilui 

Mr* Tbiiuin* T-rr^ WllclirUd , Mil,, judlufr-teiail pnrrot. 

Li. L’. Thmiiit*, WinJdnjrton, D, C.. blade mnlif- 
Ira, II. Tl«. WselilnstDn, U ft. IVkln dndtfc. 
li W. Turner, Washington, D, (T. Pekin rttirki' 

T, Tan Hjtilng, GctartnUhw Fl*^ hahl engh-. 

fr'iiuinr Frederick Van Ner*. Tirana. Tit., riiwus munkc*. 

Mn* Van Pwttcu, TYdshhjgtnit. D C„ F*-ldfi .lw*. 

A. W. WnTkur, Tsknntn Ph rV. ItiL. Di»>f*nln 

Kmett F. Waller. Nsiir enl Jlutdi.ijloal Pnrii. WasWn»taa, D. F . ? plckut p‘o 
gfStuUI •Ainlm.'li, (jidih'U'Liivfisii'il juouse. 3 Tmo's wlilte-footcd in?cP. 3 gras*- 
bwvjipr mlcft, ll.i)i1 chlpniunV. Rotten.mantled gmtrnd *mlrr«U 2 B-twil hjingn- 
rno mra. IS tJlnis ground equltnit*, <i IS ^tripcil ground Fqnlrrel*. n»«lanni 
cblftrniiiitfi. Id {iln ini Hud*, trtisMl nr 'Tmlaiv 
Min T. VTclkton. T«fcinun 1’arJj, Mil-, red tet 
W. F. Ward, Wnahlntfrm. D C,. m«t»n 
Mrs. J. M. Wotors. B«rbwdg, Mil., eiittnnttn rabbit. 

J. C, Wntien^ Atluntn, Ga. 2 rai’focn#. 

J, M, W red mu Wnnfilngirin, D F . ffitiswiry duck 
Fia!rtii*r Wflleh, WiuUlairiim, U. F„ IMdti dutk 
F. C. Wellij, Waehiuiftnn, D. O.. bam-d tiWfl 
Mr?, ft. B, Wlilte, IVautilngtim, 1). <i,. 2 be* tortolws. 

Mrs. H, A. Wood, WadUngtm. D CL, Migran iinmu. 

Waller WurtisnUei. WMlOHItun. D C. pafulcd turtle. 

Carlo jJptniifi, Vienna, Va., 



j&hual Bzvmr sMrmsoKiA.N wsrrnma^ ia« 


76 


surras 

There were G5 manunilg bora f 40 birds hatched, find -2 reptiles 
bom during tin? jc-jit, 

luinou 


AflMpl new# tfaiw-jwi mu' IFiiwhr 

,-1 mmfj b"U£j u j torrto --—-—-- AtftUllld _^__ — — — 4 

A*i« if^li_______Alh iles^——--3 

Rltwt ffamrm ___..—__ teur------ - ■ ■ ■ — 1 

HCmh Mkw _ _ __ AriMtfCU N«an-— —--— * 

Box in dicut ____._®thu_____—-— 1 

ftawirfiai bQrlrianut—. _ ___ RzieirlHi! OlttltlL_ __ _- \ 

CntkgtophiiM miprtfrvn* ___ Hisick^rrmiU-0 dutkr-r .«-l 

Qcnmt _____EJk —-_--— 1 

Cterntj fJapjiiM___ ____ __ EmrupMn mi clesr___ - * 

f'hfjiocpti* 4Uadi/iw* -- Tw*> fr*«l duth- — 1 

Ctfittimpi llrfjwtrtolf-— ™____ Pr-.irli' - 12 

Damn .....FnN^tr ft Urt _ 11 

U&UrMix m*itfr(Uinica.. **** . _PafngncilEiii . * 

Fclli once. _-_ u ___ JiK’isnr^,_._ ___... 3 

Hipprputetnut iflppcpoligroiu__ l 

lama flam* -.----- tMm m— — -.- 1 

iriN-Jafln -- llhum . tqiiLLt- i__ _ 3 

Mrtrtrm nrmfJftfud______ Ti£ EElllfrl tMCfiqU* _— 3 

lf«3£ui manna— ——- McMjcnsantpy——, ■ t 

UvitffiMvr fttypfl,-----Kqftin f»r Kijpii . . - a 

Putphoy Ifj ffrmimiMf____.__ VaJu__ 1 

PbtQ* $Q irtfl-*__ _ tlflfeMjftf _ . I 

fVwfflij nnAwrrt,. --- —Oluraj or Mac sbfcftp- -,___ £ 

&*wmt jfafopHftiri --- UrssFfrmtilt* ^nlmd_ .. 2 

Sffed aip#j£A„- --- i__„ t 

ftp ntm* j retffer __ Atrium bulftil ■»_ t 

TmpitMM icmtfrU- —____ Sunlit Anspriniis injUr,_ ._ 7 

V«JpM fid - , lll-r! trfl _„__ 1 

pan 

inm -HsltanJ- U 

CHOp m** rlfgar.x - CfCBIXiJ UBPDuiu- Z 

liiKittf'frsj flat-lrf^tra -«11-- . 10 

XpHlmriu nyrfiif^-* -— BLmLk-emwtn-J ufght Lrrj>u__ i-; 


Mww (rltfiTPJrtw - --- Sjrfuj llxjml-- - -j 

nauxiiM 

A splendid puir of Hritkli l^Jirk cnttl-- reccir^d in Mchnngp 
from the Zoo at Toronto, Canada ; and from \V f , A. ICin^, nt IJirrtmB- 
vUU*, Tex., tcern mdr«d fl Yutiitrm jays. 4 M.-mn caeiqii^, a pair 
of spider monkeys, 4 red-bellied squirrels, and a pair of West Hi^h. 
land or Eyloe cattle. 
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FTTitcniiisis 

Important EpeciiUt-ns acquired by piuvliese were a swremry bird; 
n numlnjr of South African snakes, which were obtained from the 
KitEs Muons’ Snake Karat, Durban, South Africa; 0 two-toed sloths; 
a pair of raoctxiii dogs; ami a pair of Skit African wart Uogs. AI&j 
jiatrlmfed duriup tlia year were ft pair ot g mnrHM mxA » pair of 
single hum^d camel?. This provides specimen- of all living forms 
■if the camel family. 

REMOVALS 

Maiiv of the poisonous reptiles have been removed from the Zoo, 
leaving sn few in the flection that they can be instantly disposed 
Of should die occasion require. 

Ill die report for 1M2, there was described a very senoufl losa of 
binb resulting from mi epidemic of psittacosis in the bird house. The 
bird house was dosed to the public for about 3 mcmdis, and at die 
beginning of this fiscal year the parrot room was Stall dosed. A 
release from quarantine for the parrot section was received from 
die District of Columbia Health Department on September 27, 1941. 
uiul die room was reopened to visitors several days lalcr. 

Through splendid assistance and cooperation on die part of the 
United States Public Health Service and dm Dhirirt of Columbia 
Health Department this disease has been eradicated. Suspected birds 
Ihnt die arc sent U> the Public Health Service for examination, and 
for nearly a year the results of die e xamina tion have ail been negative. 

DEATHS 

The principal loma for the past year haw been of very old resi¬ 
dents. A sulphur-crated cockatoo, which was printed by Hichnrd 
and Harry Hunt, Itothesda. Md„ April 19, 1890, before the present 
Zoo wus actually cstablislted, died June 20, 1942, after 62 yearn and 
2 months in dm Zoo. Ii had been u jict of die Hunt fondly for 5 
years before coming to the Park. It hud come to die United States 
in a sailing fillip around Cap Horn. 

The female reticulated giraffe which had been received June 21, 
1939, died April 24. 1912. Other losses by death of animals which 
also lifid been in the Zuo for long periods included an Alaska Pen¬ 
insula bear m the collection 19 years; Baird's tapir, in th* 35oo imca 
Muv, 1924; and a Malay porcupine tliat had lived here fur 22 years. 

The American bald eaglc/Jcm.” probably the most photographed 
bird in the world, died April 1&, 1912. It had ™mt u-s « gift from 
President WiUnu and hid been a Zoo resident for 36 year?. Photo 
graphs of ‘‘Jerry’’ were used as models for tlic eagle on our defense 

pMtns. 
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As usual, all specimens of scientific value that died during the year 
werij sent to the National Museum 

Bmam HHW TO THE HISTORY OP HIE CCkU.ECTIOK 

Very few axotiii specie iulh ww inquired during the year, and [Km 
werfl mainly rt plftcemem*. The collection w us augmented by ihe Addi¬ 
tion of three i tiff erect tyjws of rutile which had never been exhibited 
here before They were ft Texas longhorn e-tear t a pair of British 
Park cattle, and a pair of West Highland or EjI-h? cattle. 



Eumm&p 

Af-lnmisou baml July J + T >11 --------- 2 , !W 

Afifiwtan* during rite yr:nr_„_----—— --— -US 


Total ntblouih in tciUtt-Hoti dnrla^ yvrir-__---a. 145 

Uhuotai frum calkttlma by <k»rh* am; ranmi of u tomato on 

fflgpetitL____ ■ r i——r—-——-— _____ T?i4 


la outfoetltig June 3*>, 1W2——-—— ___ _ 2 t 4ll 


Stilus o f r.ol leaf Ion 


ClAM 

£wki 

(uflitifl* 

ms* 

ou 

H+*** 

tafflfttl- 

mh 
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TO* 

fMgfa ■ ■■ ____ 
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M 
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Ml 
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ft*piiW ,___ 

HP 
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Ikpetthlb submitted. 


W. M. Manx, Dimeter, 

Dr- a Ch Abbot, 

$£ ere t ury s Sffi ith&on Ja r> / u ,v. r , 




















































APPENDIX 8 

REPORT OS TIIE ASTROPHYSICS OBSERVATORY 

Sm: I have the honor to submit the following report «u the activi¬ 
ties nf the Astrophyskn] Observatory for the fiscal year ended June 
3u, ltmx 

WOT*. AT WAftilECO?RVK 
nrn[.ir*ncD c*r toi rut a fw nre 

Tim outstanding event wns the completion and publication of 
Tolmnu 6 of the Ann ids of the Observatory. The volume begins with 
extracts from these reports continuing the •Itnmla of the OWrvataxy 
operations from 1S>31 to t&tO. Heat, the principal tvscurdi on the 
vorin t inn of the sum's radiation is mimllely describe*!, with illustra¬ 
tive graphical and tabular matter relating to every feature. Then 
follow 78 qdiixto tabular pages giving in detail dtiily results of 
observation of the solar constant of radiation (t. e., tin* intensity of 
the ami’s rays as they exist lit mean solur (listante outside the earth’s 
atmosphere). This tolde covers nil observations over the interval 
from 1923 to 1&39 at MonUztun^Chile; Table Mountain, Calif,; and 
Mount St. Katherine. Egypt. The remits are given in 12 columns 
for each day, covering not only the final result* at each station, hut 
lire more important ol nervation;- lending up to ilieni, tor r-ome 
individual date? as many as 12 line* are required. Each pfg 1 ? of the 
Annuls includes 3 such groups of columns of 36 in all. uinl each page 
has approximately SO Ones. The enormous tush of preparing this 
table has been mentioned repeatedly in preceding reports. 

Then follows a chapter on the derived results and conclusions based 
on tliis great tabular compilation, and includin'.* related additional 
information for the years 1920 to 1923, derived from volume 5 of the 
Annals. _ 

As regards accuracy, the probable accidental error of a single day s 
determination of the solar constant from observations at the stations 
is one-sixth of 1 percent, and for 10-dtiy and monthly means, it is 
one-ninth and one-twentieth of 1 percent,, respectively. 

'flic variation of the sUrp u* our life supporting star, is dearly 
indicated and between extreme range* up to about 3 percent for the 
interval 1&2G to 1939. It is verified not only by com port sons of our 
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(iai radiation observations iu widfly *? 1 mrH 1 U. 1 l -furious but I-;, win 
peri^on of them with the publication of visual and photographic 
stiidirv nf the ~un ! s surface ■ ■ •.ncte nt other vatories, Such com¬ 
parisons show, for instance, that the rotation of the sun upon it* 
axis hi the approximate period of 27 days frequently is atuunU-d by 
1 percent change in aoier radiation associated with well-marked 
■ hiinges in the visual and photographic npiwaienw of the sun. 

The variation nf the s mi h shown not l. f be of uniform percentage 
for all colors mud iv&ve kit gills, hot in incrcu.-f rapidly in percentage 
toward the shorter ware lengths of the violet and ultraviolet rays. 
For ultraviolet rays of wave length 3300 angstroms, the percentage 
variation is 0 times na grout ns for the solar radiation a? a whole. 

Fourteen fdnmlUiu’ijTidy operative regular periodicities nrv found 
m -iilnr ra liuiiiut ranging from 8 months to S»T8 month.* in fierin<!s. 
Fucli of tlioae i 1 - reflected in ls-Jmi*‘,riiturer mid precipitations rrourdfd 
by nwteom logical obaer rations of official went her service®. Xamg 
retards, extruding for HO years, like those of Copenhagen. Violin*, 
and New Haven, prove that the 14 solar periodic variations have 
continued in unchanged phases, though perhaps not in unchanged 
amplitudes, during all that interval. Aissuruing Hut the phases will 
continua unchanged, mu] ihr uinpli tildes will bo tho uvernpe of 
amplitude* since lDiHO, a prediction nf the -mlir variation to I04S is 
hazarded. 

Tha publication of volume 6 of the A mini-, in such beautiful form 
and at bo early n date, was made possible by funds gnnoroualy sup¬ 
plied by Mr. Jolin A. Tloebling. Without his long.ecintimird and 
muuiileejit supfiort and advice, tho researrh could nol have reached 
this satisfactory fruition. It is greatly Imped Hint it, will furnish 
valuable, aids to the science of meteorology. 

or the oik rues or a*™ inefl A*e utaiAiviaMa 

A second outstanding event nf the year is the acceptance by the 
Bureau of the Budget uud the Congress nf the prnpotsl, strongly 
recommended by the Regents of the Institution, that the Division of 
Radiation nod Organisms, hitherto for lit years supported by private 
funds, and hitherto concerned with the fundamental study of plant 
growth, he incorpo rate cl as a branch nf the Astrophyricai Obwrva- 
tory, Since the beginning of the fiscal year ID12. this internet mg 
fundamental rosearcli ha* Wo supported by Congressional appropria¬ 
tions, and its stall lias been a part of the fioverntnetit Civil Service. 

unuauMum 

Our detailed studies of Lhe observations of the solar radiation 
disclosed, ae above said, that the percentage variation of the intensity 
of the eon's rays is six Umes as great for ultraviolet ray? ns for lhe 
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total of all wave lengtiis. It also appeared plainly thot tbs chief 
SOUK* of error remaining in the determinations arises from uncer¬ 
tainty t A tlie exact cJEocl of absorption in the great infrared wnter- 
viipor bonds occurring in k apcctral region where solar van of ion 1 * 

almost niL , 

These coneideml ions led the Director to devise a method whereby 
with a few additional observation* using qwetel glass absorbing 
screens determinations of solar variation could lie restricted to the 
spectral region of Ibfl green, blur, violet, and ultraviidei raja. 
VppanOiu for -ueh detenu inn ti mi- was prepared nt our tt o*hingi»n 
instrument shop ami has been installed at all Hires of the Mi fi«- 
timi*. It has been in regular il* at all of them since about July 
lM in addition to the ordinary observing. 

It also appeared that certain types of *ky conditions tended lo 
produce unsatisfactory result? liy our preutit usual methods of 
observing Hie solar constant of radiation. It seemed P«si™ “ Bl 
if in addition to our ufUal measurements wo shimld observe the 
degree of polarization prevailing iu sky light a correction of value 
might be discovered and applied fat our ilaily measure morns. Ac¬ 
cordingly three copies of a sky pqloriwtion device invented by the late 
Prof. E. C. Pickering have been prepared at out Washington mstra- 
muni thijp. Oiw? is already TTlrtiltftd nl SJtmieEuriia, Chil>! T Jjnd 
jx>eo used regularly since March 1IH2. Such instnimsltte will roou 
be in u^' at our other statious. 

Considerable special confidential work for military purposes has 
k*en done at our Washington instrument shop under the care of the 
Director. 

'Hie Assistant Director, Mr. L. B. Aldrich, has devoted a good 
deal of linn# a? n member of the SmithKjiiiaQ 1V#r boniHiitlw. 

f t tin IVCKK 

Tliroe solar radiation observing stations have been operated an 
all favorable days at Table Mountain, Calif,, Burro Mountain, N. 
tfw (called the Tyrone station), and at Montezuma. Chile. 'Hie 
meteorological conditions have been rather less favorable than usual 
at all litres stations, hut still solar-constant observations were made 
on p majority of days at all stations. 

Xew reinforced concrete dwelling quarter for the direct ora fam¬ 
ily at Montezuma were completed under field director I 1 reeman» 
direction and finished shortly before be was relieved by A. F. Mows 
in July 1941, and in May 1942 the assistant's! quartets were rebuilt 

to a onosidurable extent. . 

Improvements wore also made at Table Mountain and lyrene 
stations. A new water supply was installed at the former, and the 
drainage of the observing tunnel waa perfected at the. latter. 
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A. Kr&roer, instrument maker, retired, was restored to the active 
Civil Service at Washington under war regulnitons on March 16, 
1WS. A- F, Moure relieved H. B. Freeman, resigned, nr Montezuma 
as field director in July IfMl, and F. A. Greeley relieved James II 
Biulen as bolometric assistant there ill April HH'2. \V, IT. Hoover 
continued as field director at Tyrone s^iiion, relieving A. F, Moore. 
Thomas Hnssartl served from October 6, lull, to April 16 , 1LM2, a- 
bolonietrki assistant at Table Mountain, relieving X. A. Greeley. 
On HossordV resign titiou to enter military eervEce, ho was followed 
by Kennel 1 1 G, Bower in May 10-12. Miss X. M. McCumllisb, special 
assihtaiu to the Director, resigned March 1942, 

The following members of the staff of the Division of Itadiation 
and Organisms were transferred lo the ttuSt of the Astrophyairal 

Observatory on Jnly 1, Iflil, under authorisiati.. th,> Civil Service 

Commission: Robert M, Chgclt, bland B. Clark, Earl S. Johnston, 
Edward D. McAlister, and Robert L. Weiw r.mb. 

Respect fully submitted. 


Tat Soc'iutrAnT, 

SmitiiscrTtian /n#f£fw&>tt. 


C. Q. A nnor, Diftfitdt, 





APPENDIX 9 

RETORT ON 'ITIE DIVISION OF RADIATION AND 

ORGANISMS 

Sot: I have tho 1 tenor to submit the following report on the activities 
of the Division of Radiation and Organisms during the year «nded 
June 3f>, 1012: 

Many changes have token place in hot h personnel ntid physical equip¬ 
ment of the Division of Radiation and Organisms during the past jwr- 
Members of the Division were given Civil Service status on July 1, 
1941. and the work is now carried on from appropriation* allotted to 
the Astro physical Observatory. The laboratory has been remodeled 
ond most of tlie rooms repainted. The removal of the pipe shop to the 
United Slates National Museum made avuil&bfe much needed space 
and has relieved the crowded condition that existed. These changes 
brought about considerable temporary disruption in the regubir work. 

Different members of the Division have contributed directly or indi¬ 
rectly to work pertaining to war activities;. Tbo rcgi i ta r resea rch work 
may, for convenience, be placed under three group headings: Photo- 
synthesis, plant growth and radiation, and development of apparatus 
ami methods. 

Dr, Jack E Myers continued his work with ulgoeon problems related 
to photosynthesis mull the expiration of his National HesjuvIi Fellow¬ 
ship grant in September. He devised a method for the commons cul¬ 
ture of algae with equipment built in the Division’s laboratory. This 
apparatus he took with him to continue ihe work at tha University 
of Texas as a cooperative project with our Division. The bearing this 
work has ou our general program is that of obtaining uniform biologi¬ 
cal material that will give reproducible results under similar experi¬ 
ment ol conditions. 

Mrs. Florence Meier Chose completed her study on the economic uses 
of algae and submitted a paper covering the subject for publication in 
the Sind ham dan Annual Report for 1941. 

Dr, WeintTBiib has completed a comprehensive review of the litem- 
tun? on plant rvapirat ion as affected by radiation. This wn* request ad 
by Botanical Review, a journal which specializes in the publication of 
comprehensive technical reviews in the botanical field, ibis review 
is especially useful as a background in some of our investigations. 
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Dr>, Johnston and Weintxaob hove continued their fxperinitnLs on 
the factors that influence this change m rates nf respiration. This, of 
coursct ts basic work to our main project on phatfeavnihrais. Our 
rum Us- lead oul- to s}» culuLc on the (X^sibility of the e^ktence of a 
i-arbon dioxide reservoir connected with the wUiticelnmtsnk It would 
seem that when the plants ait < muJUiuiivd in air of high carbon dioxide 
content m certain am aunt of eiee&s carbon dioxide h stored in the liasUe 
so that Bubaeqifent measurements of ^ppareni rc::piratian l! would con¬ 
sist of the carbon dioxide liberated by ime respiration And that re 
leaded from a well-BIled reservoir. lf f however, the plants are condi¬ 
tioned in air with little nr isoi-nrhon di uvula ihs hypothetical irsurvoir 
in in it partially depleted condition and Uie firtit few periods nf “ap¬ 
parent rapinvlion’' show a gradual inercu^ in rail*. This would he 
caused by the trapping in the reservoir of lets anil \v$& of the reap? red 
carlum dioxide, thereby lii^iat ing mot* and rniiEv <-urk,ti dioxide 
which could be detected in the atmosphere surrounding Else plant. 

Such it reservoir hypothesis, however. Is not siilUeinni to account for 
all the results obtained, Thera is evidence in much of our data that 
the humidity of the air plays an importunL role in Utb, go£t>cri w ** x - 
change, perhaps in diangiisg the size of -tomato! openings, what 
uwdaanigm is involved in these plain responses is nut yei clear. The 
answer must await iniprovementa of tin* humidity controls of the 
apparatus Such improvements are now being undertaken* 

The relationship previously found by Dr. Weintraub between light 
intensity am! inhibition of growth nf the oats tnesocotyl suggests 
that two growth proeeses are influenced by lights one alone at low 
intoirifiities and both together at higher iotengities. It appears likely 
that these two pr<H:cssrci are cell elongation and cell division, respec¬ 
tively. In order to detartnmn the option spectra for the two procte^ 
and so to obtain an insight into their n^hanifims, information on the 
intensity relations in various spectral regions b required. *Sueh 
information has pre% ioiisly been obtained for a number of wave bands 
rit low Intensities using a double monochromator. In extending the 
study to higher intensities, thfo method is not feasible and use. muai 
bo made of emission spectra furnishing lines of adequate mtennitv 
and purity, Such lines m are available are nmv being #iitdied over 
jl wide intensity range and the plant material is being preserved for 
future histological rtudy. 

The action spec! rum (maximum activity in the red) found for the 
mesocotyl inhibition (it low intensities indicates the presunee in lbe 
ut icduc ed plant of a photoreceptive pigment possessing a similar 
absorption spectrum. An attempt to Isolate such a pigment Um lieen 
begun. Tho evidence thus far obtained points to the occurrence in 
the dark-grown oats spelling of traces of at least, t wo pigments having 
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iWrjrtion bauds in the red region of the spectrum Work on the 
isolation and separation of these pigments is now in progress. 

In view of the previous finding by Dm. Jolmston anil Wcintraub, 
using the spectrogrnphk method. that illttmination incrca^ the rate 
of carbon dioxide production by etiolated barley seedlings, it is of 
considerable interest to study the influence of radiation on the 
respiration of other types of plants. For this purpose the Vi, urbiirg 
inuiiomeiric i. * Unique MS **U adapted, since both oxygen abawp* 
tiori and carbon dioxide evolution can bo measured simultaneously. 
Tin* riv. f V apparatus is being assembled and preliminary 
mants to find suitable typ<* of plant material and appropriate cultural 
conditions an? nrirkr way. The data in tlie literature as well as 
results already obtained in this laboratory indicate that the effects of 
rtdiation on respiration may 1* intimately related to the previous 
cultural history of the plant. 

pnsOsvn. 

Dr. Jack E. Myers, whoso National Bcsenrch Fellowship grant 
terminated in September, has been appointed assistant professor in 
the department of ann|.-pry and philology at the University of Texan. 

Mrs. Florence Moier Chase-, who has been with the Division for 10 
years* resJinied on September D, 

Oil Octotttr 1 the service* of Dr. E. 1>. McAlister were transferred 
to the Carnegie Institution of ’Washington for the purpose of currying 
on war work. 

Leonard Price whs? appointed junior physical science aid on Feb¬ 
ruary 18. IMS. 

Mrs. t'byllia W. Prescott was appointed junior derk-steimgrapher 
on March 24^ 

romacAtume 

JomrffTo;t, Kami, 8 Xh-moiifllnittau nf th* effc-cL ttf rmHntlrm cm oiysnlsms nl 

Hw StuUliKoulJui Institution* Seiuu.lJ.flc >Tonttily fc toL S3 (Juljh pi>. W2 TWX 

mL 

WiiJ.TrwtjB, TioRFitT L ji ml McAtJ^ttn. Edwnjil t>. jihjAitfluipy 

,Jf rbi’ grftts ft-rdllng I. 1 EhliUi■!ih«Ls at Lhr mi--Mtyl ul .ti-rmi taiiti* h? 
eifniftnrt! in light (if lew lntiaisltt- EsnlllnwmlnR Ml^c. Cfitla 

lflt. NV 17 , up, Mft ifH 2 - 

Be^pectfally submitted. 

Eawi, S. j 0 HJf*TO?ff T Pirn'inr, 

Du. G G. Abiu iT t 

Secretary^ $m it A *&nian I n Atitu tbn, 



APPENDIX 10 

REPORT ON THE LIBRARY 

Sm: l hare the honor to submit the following rejmrt on the aetivi- 
tiw of the Smithsonian Library for the fiscal year Glided Juno 30, 
IMS: 

Wars initial impact upon the normal actirUk* of a scientific 
library is disconcerting and disruptive. Publication of new material 
in the combatant countries declines, and such books and periodicals 
:is are i;yti(:ii arc obtainable with difficulty, if indeed they can bo 
obtained at all. In the important scientific journals gups appear and 
widen. As a consequence, service to renders becomes more limited. 
The- whole immediate run look for groi'.th and iiccotnpluhMtjit Is dis¬ 
couraging. 

Since Sc pleat be r 1030 the Smithsonian Library lias Buffered in 
common with nil other libraries of mtcrnutinual tcopo, and as long 
on the war lasts it must, continue to suffer from this negative influents 
which progressively decretive* the inflow of material important for 
the work of [he Institution and its hranches. After Pearl Harbor 

came tin- final cutting off of all importation* from.my and ihjcu- 

pied countries. The disruptive effect upon the normal activity of the 
library is graphically illustrated by the fad that during the fiscal 
year just ended i'2:> packages were received from abroad through the 
In Irma i ions I Exchange Service, whereas in u recent pre-war year 
I lie nttiuber wa.i £.1M. 

Recovery from tlm serious crippling of the library’* facility will 
“ alow, and the work of repair and of rebuilding will oomtitute a 
challenge to diligence ant) ingenuity during prat-war years. 

Fortunately, there is a positive, constructive, and much brighter 
side to the year's activities. Especially is this true of the library's 
relation to tin: war effort. The primary purpose of the library in 
normal times is service to the Institutions many specialists engaged 
m a wide range of studies covering the natural and physical sclent 
A basic requirement for progrefe in any lino of science is constant 
access to Hie published results of research in oil countries The large 
body of scientific literature accumulated in the years since Hit foun¬ 
dation of the Institution for the special needs "of it* staff has been 
found to provide valuable material of great importance to the various 
war agencies. As a result of this there has been a large increase in 
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the refrrepr* ip* of the library, especially in the branch library iti the 
National Musciui'i including both personal visits and requests by 
telaphone for inforniftticm. Thk also increaf^J ihe loan to out¬ 
side libraries, which were SIB more than I*fit year. 

In addition to presiding uteres t« published materiuj anil recorded 
informal ion, the, library bus been able to extend its war reference 
^rrict by putting inquirers directly in touch with numbers of Use 
Htaff of the Institution 1-avinp special professional or p? reunl knowl¬ 
edge of various subject*. By knowing where, Uow, ami from whom 
in format ion not tmtihble in the Institution itself may bo obtained, 
the library has also been enabled to arrange valuable iuirodiietiona 
to outaide sources. This kind of :*rvnw. through which the library 
functions not only as n hibiiogTSphicul renter, hut also uh a general 
clearinghouse for information, is vxpiuiding anti offerd promising 
possibilities for more ertensire future assistance in the war effort. 

Upon recommisndJiiiisn of the ^mitlisohnui War Committee and 
ns & part of the Institution’s program for directing its activities more 
definitely to the war effort, the library «■* instructed by the Secre¬ 
tary in April to prepare an index of the foreign geographical Elustm- 
tiuns that have appeared in Smithsonian publications, Work was 
begun im mod lately, and l«rforo the end of the fiscal yeur tbes index- 
iu^f of [lm Srrm hE* u*i*™ Explorations and FioIcUW ork ^rirs luul 
liooti completed mid work begun uu other publication & Iter on In of 
sotto SjOOO illustnsliont havo been mndo and filed both id phonetically 

mul by regions. a 

In Fpite of the time given to special war m i iritis, routioo thirty 
of the library wall kept Op. The acquisition of now material 

by purchase and exchange, thc j catalog!tig of books, the entering 
of periodtc;d& the preparation uf volumes for hindingf ilia keeping 
Umn-dcsk records* all hpo Exact niid time* con riimitig proa^^ 
upon which Emooth functioning of the library dc|>ctiiii*H Statistics 
of dnsm, so far as they cm be measured statistically, will bo found 
4 ft the end of this report. 

Routine? reference work for thv staff uf the Institution, and the. 
use of bxiks within the various Uhmiisa, uf whinh no numerical 
count is attempted, contkraed to be heavy ■, 

Although L-onsidembiy handicapped by a temporarily curtailed 
staff, the decrease in the number of accessions from Europe and Aai* 
has made it possible fur the catalogues to devote some small p:irt of 
their time in (ho recataloging of older material that bus long necked 
attention* Full use of many of our most valuable aeries «f publica¬ 
tions has always been difficult because analysis of tlicni has never 
bean made for the catalog. Accurate* identification of references and 
prompt delivery of material wanted are basic to good library service, 
especial]) 1 from the loan desk* and they an? largely dependent upon 



S& AXST'JII. HEFQlrr SMITHSON I AX TXgjjTtJllOX, 104? 

good cataloging. Ii b hoped, as one of iln- compensations fur ih*- 
decrease in foreign Rcressamix, to be able to continue mid extend tbia 
program for making cMU alroadv arguircd resources more fully and 

easily usable. 

In the ciatter of exchanges, a comparable program ip in progress. 
With no immediate possibility of filling gaps in our flics of foreign 
serials from sources abroad in direct exchange for our own publira- 
lious, wc are using, and are studying how to make further uae of, 
our large and valuable duplicate collection for strengthening and 
extending nur domestic exchanges. Lifts «if desiderata cidiaitccd 
with other institutions are bringing good results in finding parts 
needed to rompltte incomplete serial files in all tbo participating 
libraries. Many of our duplicates, too, are given directly to other 
Government libraries that need them. Notably, in response to a 
request from tile Scientific Library of the Patent Office, we were able 
this year to -tip ply 1,524 parts of periodical:; lacking in tht-ir sets. 

cans 

Friends and patrons made geinxmitj gifts to the library. The 
Secretary, the Assistant Secretary, and other members and collabo¬ 
rators of the Smithsonian staif contrilulled many puhlicatiuns. The 
American Museum uf Natural History, tbo Boston Museum of Fine 
Arts, and other institutions with vhicli wo are regularly in ex¬ 
change made us special gifts in addition. From the American 
Association for tJ (L * Advancement of Science came 724 publications, 
and 68 were received from the American Association of Museums. 
A noteworthy gift, numbering soma 2,000 items, was the library on 
Copepodn raembled by line lap- Dr. Charles Branch Wilson and 
presented by hid. son, Carroll A. Wilson, to the Division of Marine 
Invertebrates, A curd index for use with the collection accompanied 
it- Of special interest was Mrs. Cyrus Adler’s gift <d the post¬ 
humously published book, I Have Remembered the Days, the autobi¬ 
ography of the Lie Dr. Cyrus Adler, formerly librarian of the 
institution. Other donors were., Percy S, A Men* Theodore Rollon, 
Willard C. Brinton, L, V, Coleman, Dr. P. T. Coltinge, Miss Elsie 
G- Curry, Dr. Carl Filing, Mrs. Paul Garber, Tin* Board of Director* 
of the Golderi Gate Bridge and Highway District, Dr. John M 
Hits, It. G. IngT-rsofl Waite, Prof, James R. Jack. Dr, Thomas U, 
Kearney, Dr. Riley D. Moore, Dr. W. L. Me A tea, The National 
Society of Colonial Dames of America, Dr. T, L. Nun hup. Mr> 
Foster Stearns, Pro!, Theodnns Sizer* 
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5|t»4 important of Lhe unusually targe tiuml*rr of changes w» the 
,v«s the rfctiranaat of William L. Corbin as librarian oft 
81, 11142, after mans lb an 17 years of sen ice. Coming to the Insti- 
tntion in the early jrars after the Firet World W*r. he was con¬ 
fronted with tunny difficult tasks of rehabilitation and ndm mist ra¬ 
tio,, He gave his best effort# to the completion of important Bits 
of scientific journals broken bv the war, to the m'^blLdimant and 
extension of exchange irlniionshifra and to the building sip of an 
efficient library personnel for the semis of Lhe Institution. 

On February % 1042. Mrs. Uila F. Clark, wlm hadbeen 
librarian in charge uf the Rational Museum library since 1920. *** 
appointed librarian of th* Instkuiimu 
Misa Eltahath P- Hobba, head catelogar, was promoted on M*y 
21 + 1942, to the position of namate librarian m charg* of tbi? Mis* 
^uni library- Mrs, Lncilo Tnmy Barrett, who had g*™n 
iiomU service os librarian of the KAtiotiml Coltecliap of Fine Arte* 
vmn tranjiterred to n agency on Febrttny 33, l&HL Ollwr 
rhungt^ the rOTgnatiim of Miss liulb Blanchard on OftoiKr 41 T 
1941, and the uppointnumte «f Mi - - Marjorie ltuii£e and Miss Marion 
ftlnir on January MM8, The temporary appointments of Mrs, 
Georgi-anna It. Morrill and Mra, Clara Dick, made during Ibe pre* 
ending fiscal year, were terminated on Docomb^r 3I T 1£M= 1 p A^isctanl 
messengers for short periods were Arthur Gtimhiell and John 
Barnes. Samuel Jaue t who is now serving, was appointed May ft- 
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APPENDIX 11 

BE PORT ON PUBLICATIONS 

Sin: I have the honor to submit tbo following report mv 111® publi¬ 
cations of Liu: Smithsonian Institution and the Government branches 
under it* administrative charge during the jem ended June BO, 

The Institution published during the year 18 papers in the Smith- 
son inn Mi^ellniwniw CoHecUuas, end title page end table of «m- 
iciita of volumes 73 and 09 of this Berks; 2 papers in the War Bucfe- 
grtmnd Stndies series f 1 Annual Report and pamphlet copies of 23 
article) in tin? Import appendix; and 3 sped* l publications. Addi- 
i ton nl copies of two volumes of the SmiLksoninn'ij i^rks of tables 
were also printed. 

The United Stales National Museum iaued 1 Annual Report; 30 
Proceeding:; pajurf; 3 BulleiLri-'i and 1 part each of 3 Bulletins; 1 
separate paper in tin* Bulletin scries of Contiibutions from the 
United States National Herbarium. 

The Bureau of American Ethnology issued 1 Annual Report and 3 
Bulletins, 

Tile Asiropliyeicttl Observatory issued volume C of tint Annul* of the 
Astro-physical Observatory. 

Of the publications there were distributed 162A25 copies, which 
inchnU’il 17 volumes ami separates of the SmitliBouian Contributions 
tu Knowledge, 37^3£0 \»Uuui=~ end separates of the Smithsonian 
Mkwlbimmis CoBceUnna, 2£,«J52 volumes and ssperules of the Smilli- 
yirihiu Aimmil Report*, War Background Studies papers, 2,S7S 
Smithsonian special publlent inn*, 82,515 volumes mid separates- of 
National Museum publications, 11,631 publications of the Bureau of 
American Ethnology, 0 publications of die National Collection of 
Fine Aits, 3 puhl lent ions of the Freer Gallery of Art, H reports on 
the 1 In mm an Alaska Expedition, 1.3G2 Annals of Lite Aetrophysica) 
Observatory, and 383 reports of the American Hklorkni Association. 

sairmsos’Lvjf uisceu^skocs commotions 

There wore issued title page and table of content* of volumes 
73 ami 99, 3 paper* of volume 99, 15 papers of volume 101, and 
reprints of volumes SO and SS, os follows; 

volume ft 

TlUe iubb unit Ifltlp »f eon tenia. (Fatil, SOLS.) December lfl, llWi 


m 
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VOLUME VU 

No a UUe<lc41jrt at ine tuire±irLnl aunt fresh ler l^ofuuJu nf iVvaollb bj 
H tkrdun JtuJiMirj 35 pp IPuM. 3505, p July £3„ UHl 
No 22 Tbr li.e on 1 - problem, by Watbsr Kmvhv. 5 pp (Paid. &Q&J J-llI? 

m wl 

Net 23 Kvldenrai of early pcetxpatiot; In Saml'to Cave* New Muibv. mid 
other ilia Lb the fUmiLU-Hincmo rcjgJun, by Krenfc C- UJbbeo. with append!* 
nu Corn>liOh>u of itio of HjjiuHu C&ve, Nt'ft Musk^, will* lli* glndttJ 

elil'tiiioicjitr. by Kirk Brytm vl - *i pp. *5 pti, 0 flj;* (Pidit 3ij3U) 0cttri«r 

15, 1ML 

Title pnajc a piiI tub!** uf eoiiti'iMft i Pub! 3G44 > November IS* 1041, 

VOLUME i'll 

No. 2, A UAftt »ji]jim.Linii,'r of ibe elbili (J|irbt^Jfeliiu .* (emu lUe - u i it l-iv m 
(Mil arJMinis, hy At R. Mink intin and Bjoty G. M iup^m. 5 1 pt IFubl 

zms ! JtiJy‘ 14, 1M|. 

N** 3 EflVLraiun&ii riuil lUithr in rlw- .rulml tlmt 

E^jiEnt, Lit \Yvl lilo It L 13* |>| Li ft ptjL* 1 OU i PufcL 3*^ J AilfiuU JO 

101) 

Nn 4. Dlwutp*>« r.r nnd arnfai f@ mu vkuib and hone* irom Kortktk ItUmtf hi 
UisUmka, 14 t?T^, U pill, (PubL SMkl $*TUTnhn> gft, 1041 
Nix L. On n:ii| flinio-rpt^rk ninfltrotUfc i L.Jinj;^. by Lf/nrjl 

AiC(Gtt*ki. t 1+G2 3d %* IPubL Nuimk-r T, 1141. 

N“ tf H*etle* nf tin? jtfujii* flyptrv tpu 1 nimbi rot ib£ tim United Brutes* by TIL 
1 x ■ Ijv.IjU ]:^ity, V4 tip., d pis. Il'Tiht. 3ML} DteHDt»f Si. IML 

yto. T. Archeohii^etl rvimilu* in ‘vniml Kativim mill ih.4r m-sriblr* beurtn# 
m tin? lucuLItin of Qim Jth. by w^Mu ii. WedoL 24 !Jpi, p lu plA fc 1 Hn gpuid. 
3f4T-l jrvnuiiry )5 F W2. 

No P Elf^i of Hie fuuiLly ElytcMndne tmm the Erhlnlifftti n^i'n, by T. If. A 
V&tki'n'lL 15 pp (Pum P 3615.) rtbnmrx 10 1!>13 

Nr*. fL Nuei> tu vuiiio Aiw rlenn tecqlbwttter ^EupiiliM-wk rrminci^ivi in ft ik- 
HflMipibop of :ii new ^iuti ami Lwu HW ^panlte. by Ciucvnoj R 
31 pp, 12 Oj^s, r [^1. 31775/1 rebnwry 111, 1W4^. 

Ndv lO iaunaj r^arm-^t of tlw MtiryrlUr tonuatton, tij CLdtI^ K lEtwr 
£ PP i [ a ub2 3tTTd J February 13, 

No, Ft AinpWpOfl erUSluL^-ins t^LkcEffd ou iln- fMitiknOat < + rub^ nr 
by Clarisca It f,^ pp, it (PubL 5«7i > lliintfa K, IS<42 

X-- 1& Tbr ap£=mtltj of raporr-mi wnte? in be nfinc^pEiere, by C. f»< AljT>oL 
7 ppL p FnbL Mt%, > Murcli i:i 1042 

No. 13. A m*w tltuuolEiere from tlm Eocuoe of wLib noHa 4 | D thp 

corrolktloo benri^si iho murine Foctrno of Lbe tlbir C^slnl Plylu adj ptiatp 
nraalni Koectn> of ibo Itr-^k^r AtounralD n^lnn, by t h. IJ<snib ami J, AlLmrmler 
Kutllnm. LI pp fc it jilii,, 1 Uk (l>ukl. 3fffai April 23, J042 
Npx 14. INffft ire* Lijrd.1 from Llie OtljdMic^ nf Skjmtll Dtfcnta. by 

Alesatuler ^VetinciMf. 0 pp, 4 13 llij^. (PubL 30^0.1 Alaj ll h i^ p 
No. IS, Fifth cmitrlhinroii Ut aoiusuelatmo «>f Ohinbi inn fO^jbL by Ciuurla E. 
Ui&» rr. pp* (PubL at^i May 22. 1&42 

No. 17. DertiisfoieatEl pbyjdol^ of iln- ijuh- "i^HilJn^ | ThhlbtUou of the 
me&tfotyl Jumni- #dfirs by eontLtnrou- exp»iurv to U*tt -<r Imr inti-iiHiii,-^ bj 
lU'lwrc L Weintroub arid Eilwanl !>. McAlilftiT If) , 1 pi,, (Ptibl JN?8fi i 

June 24. Ifrlii 

AddiliiiiiAlcopies of Lbo following two volumes were primed: 
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voEOM* M 

SmlfbftooUftD Mo fw n Jo gKsat TnhlEs, Fifth lievSietj ^Hi Ion. F'tm Eejtrint 
IotttH-jES *p. I Buhl -imtf i 

TOLUMB 

^Utl Lk fePDlu Ll PliysLual TiiLii^ fcrlj-LPli iiuvl«--il Edition. FJlflt Reprint. lir-MBI 
IT IIW %\TU 

WAR nxrKU ROUND STUMtlS 

In tins ii^w series of fimnttnanninn publications. Wir Background 
Siudk^, tHo falluwinjr papers wen? issued; 

Nhi l. url^lti of Utc Fur Eesforo fifctUlxaliuuA: n brief Luit3i]htH*k 1 by CnrI 
WWtlh£ iUehLUi. Tj3 ]qj u Ri ph, 21 figs, tPuWL 3SSU June 10, RUlI. 

Xfiv 2 The I'YiiTHMon of nut Ions by John & Swngtnn ->• vv 1 FuM Wifi * 
Jlmu IL-k I DM2. 

SMITIISOXIAX ASM' VL REPORTS 

iftpni /or /fijdt—The complete volume of tlrn AiumU Report of 
the Board of Jkgents for 1 &40 wns mriml from the Public Printer 
in October 191L 

Annum Report of tin 1 fruml of Regent* of the ^rultl ^■^rstein 1 matEMilt*irk 
atm* Luc 1 tn- ratln-t± u eaEpctidltriivig, mart «itnlitl<m tin Iniultuiii^L :- r tin* 

r^r nitiM Jura* 30. tm xlll+H2 pji.., tor pla, 2£ np- iFuhl «m) 

The apE^iidix continued the foltowinu pitpers; 

SoLur prominences In oration* by Hntttft EL McMhlh. 

The »f Jtipner, li y Seib B. Nlrbuiitna. 

Cultural values of ^Lffelns by David DU u~ 

Xucfrar rtsaluix by Earl K, Harrow 

The national standards nf men art nunr:TtT + by Lynmn J BrSfFBS 
The rl hi- -f tlif <-r rutile 4 hemical Ihihtklry In ■! ir tTiiUi-d States by 
C. 11. A_ Stlno. 

Tiie rubber i min-Try, J£Sj-]ftfS) s by W_ A iRbboijt 

The future nf man u<t nrr Inhabitant of thir earth, by ICtrrley F. Mutlwr, 

Tin? scorch for g>1l T by tS- U I^its 

In enjlullun, by lam^ Rllcbbv M. A r I) S-> l 
Animal ttfdiavlor, tiy Em^t V. Walker. 

The nntLraal wildlife refuse program -f the Fi-.h ami WllftlLfu ^crclce, 
by Ira X, Gabriel 
A firing foMil, by J. L R. Smith, 

ftUi Use' niiMil *.r planf ■ii^ii«e:-. hy Wittier I’aTU-r. 

■J t.e McXEan bean beetle, by >A\ li. White. 

PlasiT TS^utf? cuUunfl, by Rt^:n L. iVcJntraUh. 

The b.-rtfltiy fiTfJl hlKioJir nf /iriiTOi rtfauNnt L. f^Sd ri Dip L K by ChnrlfS 
E. i liambll^ 

Prehistoric culture irurea from Asia tn Ajnrrlea, by Diamond. Jeimess. 
Masked im-dlclnc eocluttes of The Iroqurl?, by Wintiusa: X, Fentrm. 

The b4^Tnulit^ of clvtHuUton in ea^trm Asia, by l^arl Whiting Blutrop 
SloDehernre; Today ^ud yesterdny* hy Frank StFVftsi.. O, U. F F, A 
BEilfaniLumlrie and rcfareJ chemlcnla in she treannent uf lufectlOtiB dla 
by Wesley W SpSnk. M- D 
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Hie fniuro of flying, t>j H EL Whaporla, u. U. c. B. E.. Hon. D- Eh* 
(Mtlb ), Post l*iuatiteDt flnynl Aeronautical Soctut/. 

Report for 19^1 .—The Report of the Swretury. which included the 
financial report of the executive committee of the Board of "Regents, 
ami which will form part of the Annual Report of the Board of 
Regents to Congress, wits issued in -Tanimrj 1942. 

Itej»f‘rt uf the Secretary of Hit; RmllliKrtilnt. lutfltutlnn and tlnnnctol report 
ftf the etecutlre ciHiunttlre uf <k- Hoard ef Ri-jietit* for tt- year emhtl Imm 30. 
JWO. ii-KlIW jiji.. J5 pis.. 2 lies. IPubL StM3 » 

'l ho Report volume, containing the general appendix, wits in press al 
the close of the year. 

SPECIAL PUBLICATIONS 

UunJboofc or the Natiounl Alrrmfl ColJectlou, fifth Edition, fay Paul j£ Qaiin’i 
« |U>., 20 jils.. 1 Off. (PtHW- SKO.) fitly 23, HHI 

Clitividid 11*1 of troitthtniilu) fiuhHi'atliniH nraltiible for iligtrilmtimi December 
t, toil, CwapIlviJ by Helen Hunnv 42 jip tl'ithl Sdift, i DccenitiflT 11, JLHL 

Brief guide to the SukULsotilau IiuiMtiillun. Fifth Edition, Ml tn*, K' IS be 
(Pub: BDMuylpn. 

PUBLICATIONS OF THE UNITED STATES NATIONAL ML'NKVM 

The editorial wort of the Nntioiml \tiis.nin ban rontinOwl during 
the year tinder the immediate direction of the editor. Paul H. Oehser. 
There were issued I Annual Report, 36 Proceedings paper 3,6 UuUctitifl, 
find 1 sepuntie paper in the Bulletin series of Conlribulkitu from the 
United States Rational Ilerhariittu t os follows : 

Mt'.iEtnt report 

RpTort on the pregram nad comUtlon of Ilia Uni to. I Slate* KuUntutl Museum 
f./r the fiscal jmr ended June 80, UHL MH 113 pji January m% 

PUOCEKklXCS: VOLUME *T 

Title t»s*. tahle of eon ten (a *iul Lmlmc. Pp. l-vlll, B35-UT4 Sen! ember in 
I&ll. 

voLuite bo 

No. 3107. RorlelrjQ of iho North Amcrfcon moth* of the family Oocnphnrldae, 
with Ut-serlittjoiw of hew gamma mint specie*, by .1 1 Dotes Clarke, Pp. 33-288 
1 *1 a 1-13. November ft, UHL 

Nu. 3100. A history of the ilhfslmi of vertebral* ptil<vniolf>Rj to the United 
States National ILieettni, by C. W. Gilmore. Pp. 300-377. pis. 4LHKJ. Attsuat H. 
IMI. 

No. 3110. A a*w herpaedcoM copvpml hum the gill chamber* of n tuarsh crab, 
by Arthur O Hiulc*. pp. 37(L3*>n. Oil 1A August i, 1041, 

No. 3112. CesiwTe parulte* of teltoft deJies of the Woods Hole region, 
chusclt*, by Edwin Linton. Pp. 417—MS, pk OIHS July 1C, nut 

No. 3113. Pamlico fnwil echlimsti*, by Willard Berry, pp HAA4J} c ; 3 +j3_o.*j 
July 5, DML 


HEIHIH't t>¥ IHE fit08rrART y<J 

anri. Note* ofi Malcifl turtles of llie tfHius ffiHnafcnWH. by lemiihiinl 
atfjocpjr, Fp 437-450. July 85, K’H 

N„ tmft, A motion «f rbe dm kid-Hits *>t tl» citths i/orvxf£«i<h»orut to Hie 
Uim.«l State* SnT^.-o! Mus uni, ?■? A. B C Salmi*. IV Auwis( 10. IW1 

No. 31 IT- Note* fUL the bird* <jT North Orcllnji, By Alexander WeLmore, Fp 
tftJ-330. (Mub*P 31,1941- 

So. 31 IS. Note* u» iomo North imd Middle American 'liimM bqllorfUea. Or 
Austin IL Clark- I*H G31-WX pi*.71-74. Number 4. 1M1. - 

Ka al io. a rn w gvtitig nf tffiap Turn Clilisn. hf ”+ F- I noij, 

l*\) G4&-EH& fig OcUfcw 24,1^41 . . 

Np am Twii new apetlf# of eftelrt™j]Jd fl.1*a from ^ Cltum 1 ! 

T. GMtfflft. rp MT-GBl. fl*. S»- OcMforr 8ft, IMl 

VOLUME fl 1 

Nii, rfl** 1 11* ummuiiLUi ;u fjisirsitfl of tlaC nf C4m(nl Utah, wSlh nn]*^ 

iiti thu fB4 mi, hi G- Lrwii Gnsui Pf 1-B3> ^ s “- 1 < ih l " :v “l! 94 , 1 ' 

X r) . A lii^w fosill L’rDowUJiaa frwm Cul ^rnliUi iiy Oiarli^ O- MooIe. 

65-r^ pU. 44*. Jamian? 1 u 10*2. 

N-i P H» Nartti Av^icsD flufttl* of tbtr gentia AffttfftRi*, witli one now 

H'lMde*, by J. V. Gah* dirKc. Pp, 50-70, pis, 10-Hi NoTumber (4. lfrll- 
50 . 3121 . Same tiitlfrlciiown fcitilJ tlinril* from il«r Ollgmwne W Wyoming 
by djnrlLV. U tllliiiotv. rs-. 71-70. It> 3H &L SV—wIku* is. H'-ll. 

No 3123 New »[Kh4i«! Ilf bydrttlil", imo-tly fwnt tJie ALlnntic O^'Oi*., In tin? 

UnLn.'il Sinn -- National Muhomi, by C, MvLpiih Frtser. IV li-l'’ 11 ' r il! la - 
Noraojbfr 11.1WL 

No. susJ. Tbo NoTfliip oatly OnlorJefati iBntfonlp) "po«* fuuno, u? B. ^ 
Bilflasuir. Bp Ol-lO'i, (li; 1 IV-SJ NufOTnln*.' 1 , 1&41. 

Nip. 8137, Till 1 Mfta' wn of Lliu -nitltP Cgnlnphiuifi* |t«Wf»Hp by 

H.feirt U_ Smith Fi«. 183-111, iis, 33 NotunilMir 13, 3W1 

No. 8ViS, Iti'licrt on me Smltliwinum-Flrt*fone eoUftiloo of 

reiitlfir? and nmjih«>lofia from Ltfaftlfc, Uy Arthur Uv-riOi*. Fp- °* 

81. H, U L tt. 

No. 3120. Nous ipu *fnnc cmyesliw from A] a hum* cavra, wlili tfp? ileflcrtptlon 
of ii now w^Ms'Ji'-a and a miw -ill'Siif'Clts., by Item tail Hbiiiulfta PP- 111-1 ■IS. 
li^. 35, SpI. Kmnton fc Wl. 

No. 8130, Notre on Lhc tmalce gmiua T'rimijrpfladofl,, by Hobart M. SmUh. 
t>p 110-lt!S. iIijh. 37. 38. Nort'aib'.'r 10, ItWl, 

VOLmtl 93 

No. 3138. Kolos on iwn emwra of Amerlran sHh'« of the fottillr Tryi'p tltbut. t,j 
John It. Mullo*!*, Pp l-ao, 1 Jmntflfr T, IWi 
Nt-. 91134. lilt Fi'rdii, S nflk . tttfl|**ritu: A uickDl-ricIi oisxitc. by K F. 
Ih-uiliiraw; anil Snuiri tL Furry IV 31-23, ills 14. March Eft, HMti 

No, 11135.. Sunni cestwks fmtn Florida shartoi, by Amt C tUiamllnr. Pp *5-41, 
ries.2,3, Krtinwry 0,1ME, 

Nil, 3130, A PIT! -Tiuble* i‘f phjlli>F«l frmrtnwtuj from the ROiitbvn-ifitfn 
p,!ifirt*srii!i.s imlftN, hy J (!■ Muckin. l'p- 38-311, flifft 4*5. Abril 15. l.’A* 

No. 3137. DiscrlpHniis of B'e now specie* of CUotridoIrtcn. with note* frn a 
Kiw tleaerlba] speelw tnjincnt'ptarB), tiy A. It GfllitiiL Pjx 4WI March 
4, 1M2 

Nil 3183 A new ‘tuarilopod eraainwiin ferns ih» we*l coast of Meilco, by 
Steve A- Gl««riL Fp. 53-W1, flj?- 7. Mareb 30, 1W3. 
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So. 8133 The ehr>«)M«lb) futile* ^pmufei ft(rtUOmte) fail <**rt 
•xrmi# • oml «qm ulliivl aptrir* iir [>ip[* |4 Blnkr. P[* 37 - 74 . blit 

0. n, April 7 . 1 M 2 

S'a. 3140. Nates cm thn oiawtlkiuum »tr the; Haphyllnhl hmle* d f ihe gnit/p* 
I.Hlitrtl mill Ortrvrllian. hy HlrhnnT E Bltiinrelder. IT 75 00 April ?. ](M2. 

So. 3H1 Sctm*J bunt nrtifnet*. rtf tfi« .vuiml Ciest Plain* hy V. it 
W*M»«d A. T. Uill IT- m-IOU. Jilt 7-1$, April 0$. lB4i 

So. 3141*. Thu ri1«5ttty of «Ditig mfKne tuicolld wotuia m tbr I'm mi State* 
Nntliiniil Mn»um, by Oljpt linnnmn. Pp. 101-143. Hgs. S-1K. .)pn* iii, H>ii 
Nm * st4 ** Tl)< " &lO< u tWfftWinl mimirttc, by H. P, IfemUn+n nod C Wythv 
Couki*. IT pin. 14. 15. April 3f>, l»ii 

N«. 31 Pt fitiuirwrinHt, q now Mali limtlmimr rrlnoN etmiu. hy M«:n 
Kirk. i> isu-t.7j, pi, ia April 21 mil 
So. .:i4‘ Xi.tnc on i»i?th’n rotated to ftyitopHa&t llarr in, with .J**erty 

ttou * " r ,,ew *« »fcVH uuit »ut*enrra. |>j Lfrwnruo* VV. >‘»yhir, Pu. 107-10& nj. 17, 
June 1L 1042. 

K<i. 8 l 4 Ar Dernnptym of the lnnnn uf mitm* Wp*E Imllsn 

* und u key 10 kiinwn lunrut? at Hub trllwt by A(1mh U foWiur 

i J p m-nn, pi*, is, ul ^ uh'± 


vmumm 


!l Tlw Jilrtlh 4if Nr.fr b an 4 HWdlu Amerind FsmOtai Gruiaitf. 
Banning ncMbmlthWno, and Eiirypysfdm*. by Itohrrt Hldgwuy »m Herbert 
PrUidiUHim. IX +25 1 DP . 1(1 flpi i vtobor 2, t!Hl. 

N<» 1s2. vnianit 1, part 4n. A mctioKrapti of iho «)Mt|p y rrlnuldt Tb* »m*t> 
faitillf lInrUutHilrldn (iicrpt Itu* finally Gatabametrlduel. by An ail n 11 Chirk. 
PJI, m pU. August 5, IMl, 

_ Ko. l<t port 3. The Forombtlfcr* of ihr implml PieUk roUectk.na rf the 
Alht»lro#g. lHW»-i900 n«fernhi*llrli]i>,< mul nullmlrihUir, by 1,^-jili Atpttiftlnr 
CiiHhninih s+«7 pp., is pi sl Whn,uiry 10, INI. 

No. Iii. tIik Impeloloo of HlsrantOt*. by Dam M Ov-tirtiti. rli+308 pp.. 
12 plf. July 8. 11X1. 

No. 178 - CuliiloE of I In* iypu n|M*dl»cita of nin:mun!» In ih 0 t'nllftil Smte* 
N'oiliaal Unceiini, Inrludiug tik* BlolosUal Surwyn nllfetlini. tij Antiur J 
pcmlr mu! Vlnta 8 . ftrtiont* xlll+Titf pp. April 8 . J 1 M 2 
N«* 170 . Ufn hbitorlM nf N<*nh Am-Hron Ayial'iliort. Kirlti*. fwnllovra, mid 
Ihoir allSfk, |» Arthur Ch^t-lmnl 0 .r*it tl +555 d,»„ 70 ,.u. j|„y y, 


oojnuiiintoxfi yeti if the o. ». jiattosal ntmvmni: volume 

4'wt 4, Pinna Mtlisetal by ft <«, tTlac to nnaUMni Mon^ia flru i kolto 
PtovKK*. CliltiA, by E. II W*tk*r, UH+OTIt pp. pin 21 ^ff, j„iy 22 , 104 $ 


PtiaUCATiONS OF THE iSCltEAV OF AliElUCAS- ETHNOLOOT 

The editorial wark of the Bureau has continued trniler the immedi¬ 
ate direction of the editor, M. Helen Palmer. During I be year liiert 
were issued 1 Annual Bepnrt and 3 Bulletins, as follows: 


Kmurr 

nrty eight b nil mini r^peri «r the Itnrvnti of Antcrtcno Ethnnt.,irv mm mir 
f» pp, Fvhrtwry 11. 1042. 



hefobt of thk skcihetabi‘ 


07 


RTTtXETTNS 


jiif. An <* 1*** ’ n 2 :jr' rS 

or tilt* Hlaic* *t Aiiilwwii. MbBlKliffl, amt V-IUtotTi - ^ 

rt.< 1 UarK) U DeJanwU* With •(JJltU-n^ hr m 

rL&ois. Marsliall T. Vmwtm niad Ohftrttti E* 3now, and ^\LE - ft 

“".wS.to « B«»™ «*'“ “»• KCT " 

CUlfbnU. bj MM n. wmi. nub a “ ,,i " ™ = '“‘''^ 1 | ^ 

Bobm Vtoa str«. Cnllfomtfl, by T. D. Stewart UH IK' - GT P lt * ™ ^ 

^at^'rwSuK* M^na *M «UIW alto, d»»lt« Conn*, Hg£ 
hi Fnmk U i^ulur uttJ D Jennings With mrprodls. Bta^U-i«il .croivii* 

S^S,iS. »l... Son It C«U«. b, T I» MMb <« If . w !<*• 

12 Up*. October 0. lt*41- 

CUBLICATIONS OF THE ASTliOFftYSlOAL OltSEFVAJBOBl 

With fnmls supplitri] by M in A. Rootling, the- A*1 ropbysicnl 
Observatory was nble to publish volume 0 of the Annals, 

Annals at the AntmphjBlcul Oinemuuv of ^ S^^.jSSJSS'p 
urn* o. tr o. ( 1 . AWwi. L It. Utlricii, »■»! W n iU*«wr. vl«+»T PP. - Pi«- 

jft are. (PnhL aow.i April 2!, iim 

REPORT OF TIIR AUEBlfjAh' HISfKJKU'AL ASfitXlAltQN 


Tin* an mm l iqmrts of thfl American Historical AsawafttioU or* 
tnmstniued hy itw Association to the Secretary of Uie Snuthajman 
Institution and an- i-ommuntcttod by him to Congress, ns privitlcd 
liv the act of incorporation (if the Anfjcisiiiin. The report for 13SU 
(Proceedings) w HB issued in October IWi. Tlw fulloiriug were m 
pre» at tlia close of the year: Report for im, volume 3 {•'Inslruc- 
liuna of Liu; British Foreign Secreuiries to their envoys in the Untied 
Stales. ITDl-itUS**): rejmrt for 1U37, votmm- 2 (Writings in American 
History, 1M7, IMS) ; report for 1B3B. volume 1 (Proceedings) t report 
for 1D40; imd report for 1£>41, volume 1, and volume 2 (Tidlaynmd 
in America as ft financial promoter, 1704-06), 


KEE'ORT *>r TUB NATIOSAl SOCIETY, DAUnOTERi? OF THE 
AMELUCAN REVOLUTION 

The manuscript of the Forty-fourth Annul) Report of thu Na¬ 
tional Society, Daughters of tlus American ’Revolution, was irane- 
mitted to Congress, in Wpordanas with law, November 26, lWJ, 

ALLOTMENTS FOR FRETTING 

The congress!onuI ullotments for the printing of the Smithsonian 
Annuitl Reports to Congress end the vnrwuii pnhlicatione of the Guv- 
eminent hureaas under the tidmimsirfttion of the Institution were 


!>S AJfNTJAL HaPOlRT SurTHBOZHAN INSTITUTION, 1041 

virtually used Up -it Uip cli^u of tin* y-n r. J uppruptiitiun fnr 
the coming year willing June 3D, JIUlt, totnla ifSS,&00, ullntt«I ns 
fdJows: 

SuUdwotilan tuailimEtm_.___i fli^OOO 

NaHtiUlI MiListiuin____ _ _ 43.000 

Unman of Aiuwii-flji Epl2UM$agF~ ., .. . . _______ IT. 480 

National CaUreUan at Pino 4tt*_ ___ giQtt 

lurermitioHsl Ext&nJlfF*__________ SiPO 

XfLtlulw] ZiwlJo^kul. Par k _ L g» 

Aj*xqBfeplte*l Ofc^rratory___.,_*_. _ (XXJ 

Amwlcan Historical A*^^tloa__ _ _ _ __ 10,020 


‘Eot nt- -—--S3, GOO 

EcspcctfdJIy submitted- 

W. P. Thui, Chief-, Editorial Divirion* 

Dr, C, G. Audot, 

Siert /ory, SmithMmwn Institution. 

















REPORT OF TETK EXECUTIVE COMMITTEE OF 
TUK BOARD OF REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION 

jroii THE TEAR ENDED .TUNE 30, 1&42 

7V) the Board of Beloit of tho Smithsonian institution: 

Tour executive committee respectfully submit* the foLtowinp r.^url 

in irfMinn to the <«■»!. « 

» st.IB.Kut of tho appropriltlou. by tonprws for iJh. Gos. 
bureau* in tho administrative charge of the Institution. 

rtillTUSONJAS ENDOWMENT FUND 

«®s» £$* s» 

“SSI ttfSiS'li mm m in9tltml ™ *"* 

fwnr.-w chiefly to the jean prlcr to tSBS, the tn»»e fro* wWcU o*y be 
*' T^flic^^irtfTtms liwiUi 4 tel t «P«wl tn*U *a*!e*i oa laere*. gain farm »!o 

ofScSST^.. m ^y *** *»* un lhB “* <*** 


Aii-ry. Ilehcri 3. tttail Lydia T. twf(u»t ftiftrt— 

Endowment fflDfl. firm IJitlS. Iftfrttw. l 'fe-■ 

IlflbcJ. Df. B, IfOiiUi-y t rwiwl—--- 

Hadn-abetf. Owts* V, and C*rnlt™, b^jac* f™"- 
tlu&illtou, James. beqneat fowl-- 


Henry, Oamltap, Vuiumt (unit 
Efmlglelna, TbiinU O', iiuut 

parent fund--.—-■ — 

Rtiecs. William Jones, bequest ftrod- 
Snnferd. George 11., oiemnrlnl fund 
Wttlienpcxra, Tboirtftft A,, njeiimrlnt fund— 
Special tBOd.— - — » ' ■ ■ - - - 


tSl.OHW 
'■K3.7451 EiT 
MM W 
■I, 001 ■ 00 
'A SOUS! 

i4tt.o9r.4a 

T2S.S54.B0 

LOOO.W 

loss, at 

HSSJSS,7? 
l r 400,00 


Tola] eniluwmeut for ipatieral Wwfr of the Iitsttlatluu—. 1,801. 153 37 

The Institution holds also a number of endowment gift?, the 
of each being restricted to specific use. Three are invested and stand 
on the books of the Institution as follows! 

_ $m 157.®! 


Abbott. William U, tend, twqwst to Use lreUitttton-—— 
Arthur, Jani'vt. ntftil, ln£«mi far bnwtlretlrea red study t 
min tail lecture mi Um sob-—- " 

STflKU—43-*8 


30.787.® 

SO 
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Bari in, VlFEfanla Ftlrdft fUiiil. £or n travriluf aeiwliinililii In liiv^ll- 

ffttmti of cuuc tries vXkvf I tutu the CnltH StnT<ii,___ 

EuinL I*qcy H fund. fiJr crcutloc it memorEril te Secreting Bairds 
Bnmow. FnfiierjL 1 D n fluid, for pa rc-hare of inimfib for ttm 

Kwdegfra] Pa lit_„______ _ _ 

ranDt>tJ Oolt rattan fund, for tm an&s* ami carp of ill* Cnnrk^d 

coHmEon of minerals—^__ .___ 

fiusey, Tliomfl* U r ftimi. fOr nui luteim m a v of th# Casey colleetimi 

Htid pnunoMon nf nm^nlrhos Muting to Ooloo|it*im____ 

CtemaherbiSis, Ffaiii'iB Lt?a h fund, for laerrainr find pmmntjun of 

Sw«r Lea aevtetlin of gom# JEE 1-1 ___ 

IfiUjrer, T]tg]U fund, for Increase ntnl cmv of VirflL tlffiytr cull* 

(Ion nf r>hjew_„__..._,_.____ 

Tliphuh'k, Dr A Mu-it S. h Library fund. fur enro of UltE'hrftcft 

Aj?ri*?ojng1rci Library_— t , . .. ,,_ _ 

fluid, apod Of. for laerejia* uud dtfftHlun of ntcnv t-sHpt 
knowteft®* ifi rt^nrd to nature rttut proper this nf dtmuRphrrlr 

Hu|bfik Brtire. fluid, to fciaurl fluali^ a.1o-Ttfc__ _ . n . 

Msfit, CfttlKTin^ WtUdtou fern!, for pufifui^ nf flfM fla** works of 
nrl for tiio Iim of* ninl Itt’EiHl! uf, tin 1 XnltuuaL CnlH'vLimi nf 

Fiatf Arta ■ .,... __.___ _. T 

XfitlunjiL OtiHreilnti of Fine Aft*. SiTtmn ---- 

FeU. CortwtllHi Living ton fund. fur tuidtifernitir* of Alfred Duane 

Foil MleiUtvn -- r ___ 

FiKiro, t iuu.i Genr£r W k , funtl, for ueLioriii use of the 

liMimtUin tv ben print 1 ] pa l n mounts in iftp etna of $2B0*tiCd 
lU-M, AiMbiuu T, fund, for founding dm It in hloluey in n» -,,ory 

of Asher Tuslf.______ _ _ _ _ _ ” 

ftod ftr mre, mipnmuwiit. anil inriwt# of Ilr-eMin* 

i^ttirrtJon nf jalnpmlft_y i_ __ 

Tli,ltl| i*. If tain «Hl fhm1 F for Invt^gnttcm* in 

end ehemi*±ry T .- - - - T _ ____ 

SmJtli^jnlsu eiuplffyees flttnL___” 

Fprin^r, Frank, fmni, fur frnrt- a of Springer cotlewUiiii ntid 

Mbrnry _ _ 

WoItoh, Cbartfji t>. ai nI VlEiry Vnnx. fi^enrcti fund, for tfervdop- 
rtuent of (L-tmlnpii ai mid paU^nt^t^t-al htudli^ and j tibllttiln^ 

resutlK tlierrFOf ... . .. 

Tmtn^r # llolon Wnlnot^ fninj, (Hfid tn trtiit..__*_____ . 

KEThsit, FrRhfew RrliP-Lti\ fund, fur eoilrtrmpni of ngugHji x _ 

RptvM nsHiKh fdnd, c^fr, in the form of rwil .. 


Mih m 
IT,r>3S.TliJ 

me m i & 
t\ m m 

aos&4o 

L4I3.20 


too, mom 

Hi.mTd 


IS.S5S, 15 
H. D4iV fin 

7.mas 


&L3& nr 


® + m»t 


moer* oo 

mwiss 

e; 


1T + H4fl 


854 P tM.iS8 
ao, usl m 
mis 

30.04* 00 


toTnl epdoviaenc for «pedlk i^irpc-se* oilier tburi Freer 

eudowwent™.- , " ■: :,, i o.., 1.2^1^22 


TLp nboTfl funds uiioum to » totnt of &M9StBB,$9 l nnd aw carried 
in the following investment nscounts of the Institution: 


V 8 Tnmsary ateertmt, dpiwlruf ft pemmt Iflttrreat 

Ceni^lidaliv] Uw**taii!nl fund Mtirump in inhlc betowt 

Henl eetafe, mortgages, et*; . . .. 

KrierlaS fftnd^ h lnTefnmon(*__.__ 


.m.wo f m.m 

1,270.066 M 
- 241^007.94 

u,mkm 


2, fi«l. 2SS fill 













































REPOST OF THE EXECUTIVE COMMITTEE 
CONSOLIDATED FUND 
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TvpqkA yiiiff 

r M panX 

flrfWiETM 

rerreJir 

bin 

j tba»y*tr 


— 

■ m 

Pi-.,.-. 

I9W- 

MPf-- 

IKJ. -- 

r^frnf* 

WUsah 

&mu 
»u».Ja 

, «vW*l 

Act. 
8 is 
!.» 
871 
A IT 

1 M, 

w* 

ISHfl 

Mttl-,-, . 

' W4 . 

*M7.K£A» 
flG3.SUi.3I 
LJfcLWtt & 
I.CrttlSPE 11 

j IfetiV.M 
t&TULU 
&- 571 :» 
il, w:,» 

msw.» 

4flfl 

LI0 

1 it 
ITfl 
a. tT 


|TiEI-;n QAUEBT OF ART ETM> 

Earlv in 10W, bv deed of gift, Churl*® L. Freer, of BHruit, j^iivc to 
dm liii-tiiution Id's collection of Chinese and other Oriental object 
of art, *> well ns painlings, etattngs. and other works ** «V l J 
Wlustlar. Thayer, Dewing, imd other artist!. UiUt * *=" ■ _ 

fund® for the construction of » taiUwf to the collect 01 . = n 
Giiu.ll v in his will, probated November 0. 1010, he ponded *xk 

**uritW to the estimated value of »W^ - *” 
fond for I ho operation of the gallery. From the above data to the 
present time these fundi Imre been increased by stock dividends, tw¬ 
inge of inc«*, eta., to a total of In mw of the tm- 

.mrtanc* and special nature of the gift and the requirement of Je 
testator in respect to it, nil freer funds are kept separate from the 
other funds of the Institution, and ihe accounting m respect to them 

is stated separately. , ... , , 

Tiie invested funds of the Freer bequest are clashed os follows. 

_._ tmc.sao.ot 

__tnrt.nai.flo 

_^ ftr4.a©.£H 


CoUTf and rh muds film! ———-- 

Court ntid ifriuitnli maliitnauijw food—- 

Curator fund-——-—-——-*— 

iii‘>ldimrj l‘-{tac?——-- — . , — - 


_ 4. 110.038. «1 


■PttTat. 


_ . r.,M 2 ,smoi 


SIT MU Alt V 

lim^e>n1 endowment ftv general pnrpuHW———“■ — —^ 

Unrated endowment for spurt Ik iwnpo*** oibsr than Freer rti- 

_________ t, ^38. 135. £i 

dowrnmt—----- -- 


*t. 33 Ll 51 tn 


Total invnsEftl ejiCi'Wiaenr other Umn Fm'r rttfcwmoBl. ■ 
Vn^r infested ouflBwnicnt for specific parpow-— 


Tom! hiTwied ^ndowwinii fur all purposcS- 


a.oea.ssasf 

3.012. STS, Oi 
8, 4SU, IflT. as 
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CU£Sint'AT10N or IHYliSTilENTS 

Dejyial f£di Jei tZio U, SL TfniAofj al <! j^ro^m jw*r a. cuitiin, ** nif- 

in ihe Unffiod Stvtoi Beriaed S!:l tinea, wjc, G50t___JljXO.OOO Ou 

InTesTmcftta other (-14X111; Freer tjqdnwm»tt (eo*r or uinrtet TfdtK? 

nt dul* wriplr^s ; 

IkraiJs (24 J;lTcLfaiit fTiiTifni _|474 H £££. 77 

Stock! (Ti2 dUfoneat gronpa}_______ _ p06y ltt, SS 

licfll estate and first-mortgage miw _ I8£, j02_ m 

Unlavf4 tod ca^J i il__„____ a* jQa 

- a,WG,iS8,&u 


TotnUnraiiueiitg other than Fhwr endtrotoKM____ _. £,f^2Si 09 


ItmatmcnLi* of Frver exidnwmctit (coat or market 
TAltti 11 at dale actiulmij: 


Ron da (43 different ^TmiM (___ 

Stock* (G9 dsff^rtul groU^L__ 

ltc£b| estate firtt-mortEifB natua* 
Ufiifi1f**ted anfiM-. __ 


t^mma 

a 4« 035,^5 

a (m oo 
loumau 


Tula] lurrfltmerjtfl. 


A, tH2, (H 
a 482.1GL23 

CASH SALAWCEE HEl'KlFTtf. AXIJ f>lSBLRPJKMKNYs UQU^O THE 

FISCAL YEAH 1 


CagL Minna* <m Mud Jbuf fti>, UU1_ 

Ewlptt; 


$ 4 ^ 7 , 1411 * 


Income from vnrfc»ft soiar^ fur 

woflt of tins IOflMttitloo___ _ , , _ 

CBsl* csfta nod roMrltinlLmw erptindabli! tor 
EjaK-liiI *HenLlfie tdijeria (sol tn ho j pl - 
teatod) . . ___ 

Cftah gifts frir *&kU\1 KlenIJAr work jta he 
LarfaiiaL _ __ 

Ctith Income from aAommarfi for iproEtic 
nee- srthar thjm. Freer endowment nnrt frem 
mi*:dlJihftauB ^mt, s c Ifeac] itill es« nJuxid 
of tempomr adrnncrafc_____ 

CatU HWEttM an ruynUSfts fr, jm Smlthaunlna 
SdHlllfir Rgg t rm _ 

fjiih eftpimi from sal*, call »I mnrUto^ 
He. (to be roiuTosled t.___ 


sm, 2L r » ti2 


SSL 1CNX oo 
38,0^.85 


130,p»j 04 

18.173. 47 
05, H«. 2S 


't'Hal rewlpl* oilier Ihan Fto'r rniluntuful___ 

CnaJi I a to mo from !Yr»r mtowumit___ fgft. r .',7 77 


3®0,aM-<H 


Cash csolcnl from Hite, call of 
t^c. it# he rFEnTesttfdli___ 

Toiai netfeta frwm freer emtoarmpnT. 


- 800, H70, 49 


... 1,141,33s. 20 

._ 31038, 723,4* 


Cbtrpc pf i*B 55S| , iS(|5l L ,i0t 0*Tm«cpfcf npprflpriit.op. h::itrr lb* ■itnitblitrmMir* 












































REPORT OF THE 1XSCUTTVS CQMjnTriE 


103 


FrM furnl* for Brnefftl *ntU of thy Infltitutlvp: 

and —__ 

FunUture anti flitnjtt——■—- 11 ■ 

f^npril *— ■— •* ■ -- 

Publlcjttttfu (comprising prepimirion, print¬ 
ing. and dbatribQdoa)-— — 

E^eearches und eTplnmtJGrrt-,-— — ■■ — 


|3,4&IJS 
MX> 03 

adymoi 

i*m ^ 

10,037, W 
444*42 


fCLBtt'lP 


ftroi funili for Kfwdlc other limn Freer 

Emlr> wTu*nt: 

In regiments mnde from gUis. t*um rain fmru 
sale. «&. of aecnrttSe* ana from -sJirUigi ftu 

1 ncome - — ™— — -—— ,j —“ 

Otter ^.aiulLtiuw, cviiiintlnE WWly nf re- 
wiircli work, (ravel, infreawr and rare nf 
Hpedul collections ''lc, from Inectue of ea* 
tfowment fnpitB. and rww eiwli flUts tor ape- 

clflc uw (fnelultus toiaporntr idmtncMJ — 

RftOTeatnumt of «uih capital from sale, rail 

vt (Mt orltics, etc ——-—— ---— 

roat of Uiutdllnp wsmritte*. fee of Inmtsuint 
coun^d, and aansrd Intent on booda If«T- 
lUinaed —— - — “—-- 


«S t ITS. IT 


Ut, 03 L L3 
89 , 077 . IT 


2,804 BO 


TMfMai 30 


From Freer 

OpenUlntf feUpwif--* Ute gaBciy, 

JIHd etc—--—- 

pi t m»Iih w of art Otjpjtti—*«-—“—“ 

Investment* mmfo from <*& fr^m “I** ***** 

nf innitttles-..—-v,-— --— "-- 

RelnvtwUiuru! rtf ciwh enpUnl from sriEe* call 
of Mtturiiit*, ate——---—-— 


TJ 

U0 f BW-U 
H. 240.70 
MWI9 


Cos! oC handling ndurlfleii fee of inwwtnieJrt 
nmiiset. and Mirnind lute-Wt -*n l' 1 * 1 " 

ri m ed i — , —- ^ 785,89 


Oanh hnlUMM Jhn* 30* 


m sack 13 

m^a.7s 


To! ut — 


■pfKSS.^3 4S 


Included iti ihc foregoing are expenditures for researches in pure 
science, publications, explorations, care, increase, and study of <®U«- 


tiora, etc., ta follows: 

Expenditures from general fund* of tbe Inatt tattoo : 
PubUcftlUma - -— 

D^$cardj£B ad(I eaeplora E Ignja^ ■. x — ■ - 


MM 42 


P!.i)f4 *'I 


Tldi Inrludn M*IV 1 at Tta S««tarT awl *« wn * 
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ExpcitiJ l Hi rftf frviu fucitla devoted to ts^kAAc jiurj^M'S: 

Hes*?urdle* and crrriiirfttJnnja .-. __ 

Curv + facrt-aftr*. an4 atudj 6 i?f vpeeiaK ctillacilaiiiL_ 

PUfrllfAlltEEU_ __ ___ 


W2.S5&.3* 
3> 253,1*6 
4.BS0 Stt 


TotflL 


W0&B02 

—-nvm.01 


Hit prmjtic* of iii j jKj*iting on time in local trust camp an its ami 
I'liiika riNch rerVADUts ah tuny be spared temporarily has bt^o continued 
during tfcfi pii^i t^ar, and interest on those depotstth has amounted 
la%m> 06. 

I ho Ir^tituLion gratefully acknunladgesi gifts or h^jnests from the 
fdlnwing: 

R^diltll Co[]wrntlou, farter cmitrlbulEons fer researth in rad UitlotL 
ltlm A. ItoeblLqr, fui 1 ttu*r cmitr 3 halloa# for ntwrch In rad In t loti 
Mary Vhux Wolcolt, beqtWf to fiiigmciu Hie Charter D. nuel llary T*tix 

Wnleett n^trjiPcL fu]jd_ 

All payments ntc made by chock, signed by the Secretory of (be 
Institution on the '['ruaeurer «f the United Slates, and all revenues 
on? deposited to tint credit of the hi me account. In many i pv tan ro a 
deposit-; orn placed in bunk for rremvauertee of collect inn nnd Inter 
are withdrawn in round amounts mnl deposited in the Treasury, 
Tlic foregoing report relates only to the private funds of the 
Institution. 

Hie following annual approprintionfl wore mode by Congress for 
tin- Government bureaus under the administrative charge of the 
Smithsonian Institution for the fiscal year 

(twral E.ijHmV’- ( Irn liid I up mipi>|*nanta1 o rprojirin 11t-u under m* 

Bfifrapecb Ant }_ _ _____ 

rTlilsf cumbinea until*r one bead lug the iHinprUtiloiia boretofbra 
nin4 * for Hibrfi* nn <r Expend IntvnmtWnrt Bxclwiijftt. 

Aiatrrlaui Kthn-jUgy, A*r™|ihy*(cai OUsuTvnfij.rjr, and Xallsitnl 
te leetUia of Pln r An* ^ the SmltLxriniflii rnslilutli-n, mu! tor 
Maintenance a „<j OpertUtm <>t the Unifc-d gMt* National 
nuwm 1 

Pt STSr^l^S C S? <! nclwitn,t »VVr^tim 

niintiiig qiHl blm|i fl | r ____ ‘ " " 1 -™ 

N'iticmnJ ftiolflKlnul Ptuit_ 


KS 10 . Vhi 


a s,“rii«n,r a °” i<m ■** * » » * 'o*c 

Total—..__ 


miiA 

23ft, SfO 
M.WW 


1.410,782 


























RKKIBT OF IHE RXBCtm™ COMMOTEfc 


m 


The re[M>rt uf the audit g? the Smithsonian private funds is given 
^ low: Bertram 4 1ML 

Nfci*» ft C* 

Punnet t u umnot wv hare aiidJttf tN account* ol ihc SndUi' 

JS 1 » u*»«.' r or ■■»« j«~w S"'JS*,rKSSS" 

Of rash on bn ml* latitidtos Cn*h Fund, Jinin UH-, ^ jEK^to 

w , hllvB ihs record of rwslpw null dtabttrMaamt* mnlauttowl by 

Lha iniumtlm* and to* n*rwiaaM el to'- h.«lt t«ibww with ilw <h"'* 

«*> -«tw» I* in,. .-*•» ^ “25^ 10 
« tofl tarn*. and fmnd thorn to o*r» «Ub il» 
w« Uyg cr^irtied too «*tod tot™* of mt i^uniiM with the * 

•sriftsfir- g ga 

r"r;trr;."^/rr::-. ** # 

enenditmei. ami f<nmd tiu*in to M«C- ,, 

Wt b*«- ^nmtowl and «rlfed itof aocwnt* of l*w DtotiMU» ^ tb *“ cl1 

'wlStl the Iwbtoi of account and record* "‘ell «d accurately taw rttni the 

■it^ur 1 1 1. ■ # rtintculfitilj BUtil um) nnWelj Hired for. . 

All Irtfitrowilon r*iuwt*l by yonr auditor* wb» praaptly OiJ «"rt*>U4ly 

f Wo wrtlR ihi? Baisiwi in oqr nptotou rorrocUy ltw Hn * Kl ' 11 

oonillttmi of ihn IiaiitotliHi M Jtun* - yi . 1(Ml 

riespeclfully u»linilit«l- ViMi „ 

WtLUftU I* Yififauu 
VrrUfled Pu^ir U^ntnnL 

Reaped fu 11 v UtM tU-<l * 

Fnmuiit S UEi^MV? 
Vaxskvau Btftffl, 

Cxuinn^f^ C*«ION t 
iTjfcw/ijv ^'fmj'r 
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ADVERTISEMENT 

Tlie object of the Onouti Api-unoix w the Annual B^mrt tha 
Smithsonian Institution is to fnmidi brief accounts of scientific di&- 
cover? in particular direction*; reports of inviotigaiious niadc by 
collBlKimtors of the Institution ; *nl memoir* of u general dmnnlcr 
or an speckt topic* that are of interest <«r mine to the minwrous 

correal >011 dents of the Institution. . .. 

It has l*en a [imminent object of the Bond of Bepiito of the 
Smithsonisn Institution from a very early date to enrich the annual 
report required of them by law with memoirs illustrating the more 
remarkable and important dtvdoplwwl* in physic an 10 open 
discovery, as well as showing the general character uf the operations 
of the Institution; and, during the greater part of its history, this 
purpose has been carried out largely by the publication of such papers 
as would pusttSB an interest to all attracted by auentiflc progress. 

In IW>, induced in part by the discontinuance of an annual sum¬ 
mary of progress which for SO years previously had been issuer >y 
well-known private publishing firms, the secretary had a senes of 
abstracts prepared by Competent col la bum tore, drawing Concisely the 
prominent features of recent scientific progress in astronomy, geology : 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anUiropoIo^- This latter plan was continued. though not altogether 
sat refuel ii rily. down to and including the year ISSH, 

lu the report for ifl8# n return was made to the earlier method of 
presenting a nuscdJantous selection of papers (some of them original) 
embracing n considerable range of scientific investigation und discus¬ 
sion. Tlii? method has been continued in the present report for 1042, 

1W 














THE 1914 TESTS OF THE LANGLEY “AERODROME 


Hr c , 0. aswt 

Secretary, £ntUh*>*tm fiH4UuN«i 


». -W** - »' 

Ormber ft. 11HX. 1i* « Umi I he paper M w* P«P»^ wl11 * ■ wwl 

If ptwa adequate pufallciiUaii- 

It is erenrwbere acknowl edged that the Writ^ lt _ v. ^|u*y 
first to m aka sustained flights in a heavier-ihan-wr machine at K y 
Hawk, North Carolina, on December 17,1903. 

Mainly because of acts urn) etatottto of 
Smithsonian Institution, nrndng from ^ in 1014 

tionrd Langley pl<M of 1W8 at Homm^dsport, Now YcrM j 
Dr. rjrville Wright **b that the MbM 
injurious attitude. He iberttforn the urtgmal Wt »fcht K. > 
plane to England in 1929, Tba natutn of the acts and stuUme 

' StatfJtaij Walcott contracted with QImA H. Curtiss 

te SS. S* ss 2h >#p* 

conwdcrad ami open to criticism. For in January 1914, 

Slates Court of Appeal Second Circuit, Iwd handed 
rcwgmrins the Wrights as “pioneer* in the pratfual art of fljmg 
hi-Hvier-lhaii-air machine" and pruiKniMftg Glenn II, ( urtl^ in 
fringes of their patent. Hence, in vttw of probable further litigation, 
the Wrights stood to lose in fame and revenue and Curtiss stood to g&m 
iwcuiiiarity T should the experiments at Hammondspoi-t indicate that 
Langley’s plane nos isipabk) of sustained flight pray ions » 

.uccLftfl flights Member 17. 1W, by the Wngh* «t hati> 

11 The machine was skipped to Curtin at Hammo.uiqport N. Y. ui 
April! Dr. Zahm, the Recorder of tim Langley - 
oratory and expert witness for Curtiss in the^^JHK tZSS 
HanJondspnifas official representative of the Smithsonian In 

Uepart *or ttO® *6* TS- WbU *«*«»** « S ^" m 






ANNUAL H E PORT gjnTHfiON LAN INSTITUTION, 1942 

UM 1 during the time the machine was being pecoiwtrucled end tested, 
in tiie reconstruction the machine was changed from whaf it war- in 
im in a number of particulars its ghen in Dr. Wright's list nf tiif- 
which appears later in this paper. On the 26th of May ami 
llie 2d of June? l£)H, uttunpi.H to fly were merle. After noquir ing speed 
hy running on hydroplane (tout* .in the surface of Ijikc Kcuka tk> 
nsncldtie lifted into the air several different limits. The longest titm 
iitf thn water with the Langley motor was approximately five ^conds. 
Dr. Zahm stated that “it was apparent that, owing to ihe great weight 
which had been given to the structure hy adding the floats it was nee* 
om.ry to fan*;* the propeller thnret”. So no further attampts were 
iruule to flv with the* Langley 53 IIP L-ngme, 

It is to be regretted that thn Institution published stuteiiients !*#>► 
pHiitedly 1 to the effect that tin-*; experiments of ltm demonstrated 
that Langley's plane of 1W)3 without essential niudi&uttiim on- the 
tir-ri henvicrethan-air machine capable o f maintaining sitetaincd human 
flight. 

A' first exhibited in the United .''Latt-s Xoiioiml Mu mum. Jnmrnrv 
U. 1018, the restored Langley plane of HH»3 bore the following label': 

THE ORIGINAL FULL-SIEH 
LAXQU2X FLYING MACHINE line 

Ki.r tliis simple label others ware later substituted r mi reining tho claim 
that Langley* machine “whs the firoi man carrying aeroplane in the 
history of the world cupnhle of ^nstahml free flight.* 1 
Though the matter of the label is not now an issue, it seems only 
fair to the Institution to ssy that in September 1028, Secretary Abbot 
finally caused the label of the Langley machine h, be changed lo read 
simply as follows: 

IANGLET AEJtoiJiROMR 
THE OH tG INAL 8A1N/EL PfEBFQKT LA NO LET 

fltino .machine op iwb, iiESTonEix 


lay 

Tiie SmUliatHjiitn battfatliiu 


MbAIS 


ITiis change has frequently been overlooked by writers on the 
ohtrnver$y. 

Tn January 1942, Mr. Fred C Kelly, of Peninsula, Ohio, commimb 
coterl to me a list of differences between the Ldmgky plane ire tested 
in If>14 and as tested tn 1003, which he had rewired from Dr. Wright. 


BLtpo«. i »u, r®.», n». an, m t rtio. p P , H> lat*: 

S, U4, 195, E^poff *f C. 0, KiiEf^EUi pp h h&jJ 47. 






IV H Tt&TS OF THE L.VNUJ- 6 T AEftO&ROMJi — A&lMlT US 

r rhia list is given verbatim Wow. The Institution u&pts l>r- 
Wright's statement as correct in point of fuels. inferences from tin? 
c-omptLriams arc primarily the province of interests 1 1 experts a ml art* 
nut discussed here. 

COMPARISON or Tim 1 AXGLET MAot!tM£ OS' H«a WITH J 1 T!H 
iUIUlWDSFOST HAOBDtG OP MAT-JUNK. ISI 4 


l.AHnLLV. tm:i 

* *»*o 


it > it u'isum , mi < 

sws: tn'UV't sa'C* 

A*ei: m Ik*, ii- 

.\BTBfT KiTTn - itlKl 


i siBt: lrir x xnn u. M. v iwi 

An*.'.; U*| K*. [ I. M. II 

3 AfiErcr ItAtIO' Id"! 

4 CktfNttS Is*2 {l* M. |> «&) 

D I.EAliltr* Kings t Wirt 1/HF' di- 
«nrnrr i 1*. M. I 1 !* 60) 

0 CaviitMi. CuEtou fciEirif* not vnr- 
iiUiiod. 

7 Cj sim Si'AM. CjHodrUsi mpud-p 
CEL &|ldr, mftn mirlnK L ‘- ,J dllK for 
lid If Ltd Itmutlj ami miner niff ta r* 
at i cm tap, 1L 11 p, J JU|J. Located 
on din^r pEiI® of wltyp. 


-S Ei£s: Jlotlow frtPi nHtflrucclflXL 
I L. Mi Flwtd L 50 tfll 


I'.jHin r.a • lylH 

i. - v tun a i d h . ■ « :y UiLt! rl*.-nlr- l * r l L -' 

din, At Jimrt *m 4 rilaff 1" lito¬ 
ut mit*r mid 

i. yjifuijf g: Cotton fabric, mtnUbid* 

Curoik Sir.m s Cylindrical ipsr about 
l^ f| eUa fti liiflL'f «rt. tftl^rlin! 

□tKrat C J did. at out^r vnd Lt^U'd 
op upper aid? of win*. This center 
upur w&B ridnlortod P) by mti turn 
womlpu member on ibn midi r itldfl of 

t Ijtd «Lng, v. Iih fi measured 1" J t V 1 

and tntrmUd to Hie till rib ffims Elm 
editor of tftm hidcMi!#; and 12) by 
another wooden rtiiiOwFMTOfiilt on 
l&u cinder *lrfp extendi tig ot n ..bt.ul 
OM^fOflfth cl lllr Ji'MgltL uf till* Tvillt 

Efiin Most of Ihe urtidmil Dingily 
bax rLUa wtife replaced with otheri 
mail# ut Llumm-nnitt|hirL iMmiiIj 
Itfftwr* UH4iu The HwiiKiamtep^rt 
ribs wurf fit sotii) ennui ruetloo nod 
mode of lumlnated wood- Ttia 1 iki ft 
of Itin rdi in fmnr of th- forwmid 
opurwiiM entirely wnitt^l. 
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Fig. 4 


■ r ~ Hanmqmdspcrt WihcTwjrmc 191* 


& Jjr.vK* Grr ^ysr*: A *lrtgfce 
wiodra puwt fnr taut pnir of * 
l»s! Fig. 8 ), illEL G& F Ion?, 

cik at riKifi 6^, p is#). 


10 TIi* front ni tag guj-pow waa jucnr^l 
2*^*' *n frsmt if -Li- Danki **ntor 
Kj^r (L at, I’ldh? Ei). 

U ITh rtur whig gut pc^i wao Totaled 
M* M Vn of iln" win trine? 

ppar IL St riatL- 

£2 Iffvn OtfT'Itvrti Fi«t wtidi pnir 
nf wing* « brings *t&el tiibp I4* f dim,. 
4.1" Jong, (£±. at. p.lNL|il «Ek 

IS Ftweh win*; l3|ip) a r gsiy-lKail leased 
2SW* ^ *™t of thtf putUi Ctfmtr 
apncv (L M. jfl. Mr* 

14 Tbn mnr wltog tipper gnf'jnet wa* 
Itroted 3|k/* iti front of thr mnlti 
CCUtfif fcpar tL M pi S3), 

15 tram: Fiji"- wlm I rruralns win?a 
w*rc nl incited to Ik* spun at ifcr 
Oth, Ttli ami Om tilB* out fitiijt tiUf 
center (I- 1L pL Bl). Tto auglra 
U-rwceu these wlraj and the epiri to 
kUlIi they irer* ft (inched are thown 
in T \|» % 


Uiwra UUT-FWfli; Four f■ • r fcnrh pair 

uf wJnty Ftg. ^ two of width 

wnnc o£ vtrfiimlLup fonn nirttaurliuE 

IU** * 3$i'* x M** lew; and two rant a 
ruing Sf 1 £ 2" with ronnilnd corners* 
B’S 11 Ititur 

Hie front iTing cuj-iv.’Ula wiiTfi h^'iifed 
iiim.iiy EifidLina^ni tbc main corner 
W fttJiW traf-wnni than to 

liwa 

TJjh rmT wing guy-pc%9TM were UmnHI 

dlrtrtiy midcr ihi- nmSh pettier upa?* 
SI V p further rearward tints jn ltt<& 

Cim aoT-piwrH: Fbr f*n?tj pair of 
wings, two siren inline wnoden [waui 
imrh 134” I to" idn* an 

JuvnrkMl V- f&w Fig, 4 k 

■ Yoid wing: upper guy Ix^ated 

aireollr ivrrr main ppnr* 2»^” farther 
waraunl flma lo IU 03 . 

Tbe nar wing gtij--po«tN w n- loculi^ 
dlrecflj or*?/ the ma Sucenter «par,3l%” 
fui cIj-t rearwnnt limn to 3003 . 

TnuHEivq: A tl [ffprent iy»iem nf wlnis 
imssliig ww* Omni, imd tise wing tn^ 
«Jog winw wm* Utlttiin-iJ to the n|iaia 
at lha atd, «tli ttmi Otb Hha ffinn the 
cmiter. ITie nugle* l^fwevti tSac wires 
and the pn to wliicli thuj were at* 
fmiiafd were sl| different from tlin^ In 
tb? original Langby math!lie. (See 
Ftp. 4k 
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4 .XJ.M I III J . Mil A I J Jl 


m VAXfJ ttftDGttt X *|illL VBU« OJftS- 

of two Hurfju^ united at ilndr 
limliug tjdpjs afut wparul^J U>' h of 
nlicir trailing odgni ihn- fdfuifK * 
Wvdp, Efrvh *affect uit^hUtA-i - 3 "" 
i 4 p g p \ wiib fatki -T i*. si¬ 

lt 214 . i*i* fia 

IT Opgftfted by tnrtn* of * wlrtfl lflcatwl 
^IckEjy In frdnl IH* Pilot til Itl* 
right *5*1* iLLUJ Bl llH* SlHfctPt Ilf !»* 
diouEtier (L H p 21 «L lilR. ^ 54 k 


(A t-mal for n-twlus milj >1 M r*-I * 1 


MM"k*%cv Till : Tlilf wa* a <tarl* 
i hoped iftll liuvliitf a t^iUcbJ fluit a 
Lh irJsuiiLul jtuffiioq II'UumhI tu.il) „ 
muh mwmrtkg 9T* ml ft !& Tv;i 

lucotml In ttiv n-orof lb* tnalti Itattif- 

a> Alt rich Hi to a bimcket extending fcfr 
low UjO inn Lib fntmi: 

SI 1 Ni.mtulty Uuu'tlvn". ■ L 51 u 

Mil tiilJO-Ulli]■■ alKiUt 0 iMjaulut^r 
i wtefiM i oils hr m^oni «>r a mtf- 
lix Mag whiMn brail rtl nt f h«- rlclil 
* E ,| S r nf thu pi till, *nvn with tllil Iw+ek, 
ami iii U*o height of tits iilinnlih-r 
«I- iL pin- fill SSI. 
ttiizuiitabti' dbou e ib wri-koi tit it* 

lL U . pt 214, pL ra. Fig. h) No 

uwutB Mil piTUt tea'll for tt 0 jU«llELff 
this rodder ulHuit a vertkfli sixlM In 
flight. "AUtomsh U whi piuoawj 
that !h£ la rise atfrfckUoiII* , *bouM 1 *j 

l IIJLLlLJu of btfltlg jWftrtl I Lb H lai bll- 

luuiAl direction, It wit* futt io !*■ 

tiowlpg: to glVL* I hff r™na«1 ta±Ai Dlbll 

rajikf nwtlon In iho hi*rl*fitili*l pIjuw 

in order lo atmlu tki* *uml," r XI. 
it K14K 

2:s Kkel: A wrib'al mttlifr uo 

dj-riLioilli lb*- ruaLib fnmir Mi'o^irim; 
^*2" In height t.ir B p ftVprag* 

4 Liep 19 wi ft iL. if pi. 


Vmiw riL-BDca: Hie LfbttpiU-y run* 
nKldtrr wu-. rtploi i i d by n ttngli^ plfltHr 
Tvrcicml mdifer wlUcb luLo^invd 3 4 ,W* % 
S* N wish .in ^ l ratio ..f .7. 


l^wiTflfi'il ot lliLmimiEiil^lrorl EllPiUgh JIim 
Curtly Zbc ^lu^i In mmt tt^fu, 

1 Zolun urDilorh pp, fi, Ok thtiiogU th^ 

1 "nrth+» vJHPkiltkr jukif lit *rmwf trLhiim 
- >Emily liEllor, l-*U 1 , uelJ Hied *.» aw 
out to twi hjpv mbtr at alJ In st III other*, 
iZahDi iLlIj-hivl" \i. Th 

I'm] ".in p! V^ftIcisS wlh'rotb In -LXiliirul 
pinii tfitend |hiLmj at the miiohliHi 1 ^ 
i ZiiUeb EuflWuvU p, fls iii? wt»H m for 
soaring. ijSibliWL rtlfliluvir \* 7 k 

T il iluuiim: Sumu -au! iush] 

1 : CL .,:- In ItKC. 


At|m!.nl ir -,uuf‘ hruckei ul a iwjjiiI 
iLtwHic liighor UtELEi In JHv<L 
OgmrjlbM b I - oil H P r ib h bHzDnti] 

a±U Olid Wimteeefl to 11 rtgiitar iTtirilai 
., Luvator ixuiir»L t w, , “ dlr^tlj In front 
i-.- jiMnr 1 z&hm iLlElLloHt l' 7iI 


1 1 lluli j^ntilo is lnJiit 11 rarl lea l naln oil 

Mnj 1E3, 1914, ofllj, Theroefier It wua 
uind'p moT4hltp nbont u ^i-rthiaJ a*u 
el 1 eiI wk» rttiteArkal thrmigh b-ohloi iff 
n CurtU^ wti^rlng whwl 01-mitt^l on a 
i ortlas cooirnl twssl direct 1/ In front 
of EUe pilot, 


oinlttctl, 


itsiMii—4a-‘9 


1 Itl .lvntal heport surnwosux rasrcmirrax, id n 


*t:tnzu or mimHii; 

Urait &t.uiuit TTie dihedral Umu Thm-fHOI ^ 

rtniy it Jin used for tnnSEiTtijnlEir lot- ii«t*] for iH^nrtnc lalrrnl UliUliw ai 
tTOi hfltniin\ fl* 1L p -iff), Hnmmoa^iwrt : The dthetirp! ottgf* a* 

H IdiiiKlFJr ft retd dor which v*pre& 
*■ ft T^rtkat lUvnm" i'/jihm nift-lam 
jl ft \ uni the I'etmuri rail rudder. Tin- 
lost two comrututert n nyst-n: "lib-ntEml 
in jirLficipto with That rtf CotnjiEaLtunf'e 
[ Wrltflil | tMjtphhii^ warping nf tho 
wEnj{> and Hu* tun* of ilia rwtkaL uul 
■te 1 *. [ZflhCft ftJKMlIfU p, flj, 

iia lflfWTCTinu, Staibutt- Laucloj , LojformoVpAt, SrwitmT, At Llum 
irpnii the thriftod sjaxoin of in nti deport I he Ternittil inhered Inagb 
ualdhtj for mnlnfirinliijt tttdtcml h> r nhlj | rj" wsttHtoptatteutird wtth 
Uio 4mifUiiltli .il tqntUtiriLim 'Tor on vim I nr system of rootroL 
the pnmmtlmi of the ivpitllhn iiuu 
ElMiglftidmiiJ) of ihe agradrumn, 
tliouitii tfm KfiMtor might flF&irit by 
»udi ssHeIiJ movem^eilt m hf wn* 

to mitt hi tho limited Apnea of 

the uThHurN CUT* the run hi n-UiiTiee 
wv<^ upnn thft I vmuel |*U< P i I* *1 

P =IJSi 

-0 SiuiinG; lit Urn fcorirJ 3 itji] Svuajj^o; <bi one day, May ^ |&H, 

plai» ftOji <3 »eu ciitlrvly hy fbn iplll- wEe^Ting I El tfe* UotL*mt*| plohfi WO* 
iftftn tiiiTtn* rudder Iocjln-hI umier* tk*lie with shr *prt!ai1 rudder whkih 
ir.^sfa thi. main ftsw if* if, p hmt been mhitsmtod for the orfirlitaE 
21 * J - ffplEt-tune aterrlug rudder 

After Udjr l£H’tk (!j»- *H*-rJng Wu!l dmhr- 
hj the teffteal sttrfar* of I bo Hi Li rud 
rier (SSaJjffl yfflrjjn Jt p. 7j, which hi lIHlft 
ws* tmewiTntilfr -ilmnl a tirllml osK 
il* 51 jr 2Hf. 

rova rt -*wr 

'JT MirioL idmr^F a ■ ilsi'iT- f rmilfl! M<*nw UttGiej ranb-r m^1i«r«f 

’-'h Tosmosr: JFiuiisi ■ l 1 ' rfc with dry eall l^maur; Jump nuirh tsHfi mfig'M'Sn 

(L If. p 

^wfltnni* 1 lt#!rcr ^hrhiiTvir>f can- it\HBtnnns; ^uruuioblle fyD* with 

ef -1 rheimhrr Uhtd with dl.'JBI !%h^: 

tump* of pormt eettulKr woc^i mt- 

uralfii wuii m^nliru- ‘lTitr air wn* 
drawn Qmiflgb HiE^ wood. Tbtm 
uu-im no Pi.it ffH*0. (L 31 p ^2fn. 

hupUtiii: TutH^a with radiafttnc funiAton- Autoufibila radiator 

® r|il tJTW. 

31 l*WPiUAa: Larurley prirfadtAn <L IVjmJBV tJmlfj pTETivdleri modi- 

M M 7A n ptv, fi|,i J hfter ftuJile^ uf f-nrh Wright 

blfidoa™ 
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ijicfw am ma as u 

32 Ijt'NtHlM. Cj|l^(mi{ nitktltLtfrS I.aCMWu! Hytkcpkiien, deTCkf(Ktl 

JS imuiiPltfHti. IJWMEHt Ait*rkENl to til* Euwtifjw^ 

33 Fu*x th; FUt* fjHutirtral tin floats, Fmiuti; Twn wooden 

with egniml tiHlH. lEtiuM tn> wruicr- ttioiiEiT'-U an^ ^ jUl ^ ^ 

ddi> of main frnllio Al NJpttprtill' crltliur dtlui <if Ihc runt^ <** Uio Haacbtao 

( u l Uj[p*. JtJLli n "twjt rj. t rtil ffc'ut flk)Vl> low- 111 tfkO Si] If fill tllt^CEll El^tt H UT ^ rfl ^ 

ntt r^trt nr umchtne. tjirtifii **? rruPFlftp tw4 for Iwlhtf ib* 

wtni ktmt* .f Hit 1 forward wltiis*; w>*i 
ow ijwirt nf the Urns two) Hu cyltrr 
UrSml fruits witli Ciinlml e«*U> sTmiltr 
ticir Inrp-r *hau ibe t*mW that* 
htoimM m ih* Center «f Mus l p rmtl 
■j«jnm of irtfSflinjf umnl fnr hfiifUtf tfc# 
rear wuigg- All of fho Houle wrf? 
eld> uni i'll flora fottr in fllte feet towc* 
Hum llae (Uuiti* of the nri^EiUil lentil#* 
inns b.vphiir lb* frtitlre machine above 
l|w water, 

niflirr 

Total Welqiit . Wltb plloi, 8*10 Total Wcioht: With pUpC* lito 
pwirnfa fjL If. |i pcanrffl 

aa fpm Qaavttt : 3/B ,J fitiriTv Uno of Chtth liuLvm AUi.il o::-- hM M»w 
thrust I in? H.r ihrukiL 

^iuce I became Secretory, in ISriS, 1 have imuk mnxiy efforts in wm- 
pom the Smithsonian-Wright coiitrufersy* which I inherited I will 
iitow p gf leaking for tin? Smithsonian Institution, make the following 
tfutcmcxit in un attempt to cuirect ats fur a* now ptttsihU 1 he Lb and 
Assertions of funner Stall Iisojjj tin officials Hint muy have I wen mis¬ 
leading or nre held to Sue del riiitemsd to the Wrights 

L 1 sincerely rrgn?r tiisif Hi Institution employed in make the 
teste of IBM an agent who huti Wn an tu uni cot -sfiti defendant m 
! iitent litigation brought nguiiud him hy lire Wrights. 

2. E -hicen-ly n gmel Unit MolrniPiM* were. repeatedly ntjulu by nfficsata 
of the InstUution ihui Hie Langley inadiinF- was flown in HJI4 4b wit.h 
rk , [ |wilt dnnij’Vr* kif the machine u^ v^ty In si.- without 

nirntinniTi^ the other diung.- ihduJ^l in T>r Wrights IbL 
.% 1 point nut ihnr \s^ktAnt Sfif-mutj Bathlmn wne mi?jnfnrm<v{ 
whiTt he i rih'.i thur rh'-Lsingley madiino iihonr m.>dific«Eiofl r mark 

4. 1 Ainoertly regret the public statement by nHuTrs of the luititu- 
tiiiin 4t n»v tests^ [of |9l4] showed h ihat the lute Secretary Lanid^j 
hud anerceded in bonding the Brat acropbtie ctipubk of Kuirtminsd (w 
flight with a nun" 
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ft, leaving loe-xjierti! to formulate the conclusions arising from l he 
1014 testis as a whole, in view of all Hid facls, 1 repeat in substance, but 
with umPlHlmfen ts, wlmt l Imvo already published in Smithwmian Sci¬ 
entific Series, Vol, 12, 1032, puga 22?: 

Tlie lli phis of the Langley acroclrcusie at I In mmoh dsport in 
10H t having been made long after flying bud become n common 
art, oiiil with changes of tlu- machine indicated by Dr, Wright's 
companion gi*en above, did not warrant the statements pub¬ 
lished hy thi) SmithsntuAiT Institution tlmt these tests proved 
that the large Langley machine.of liK33 was capable of sustained 
flight carrying a man. 

6, If the publication of this paper should dear the way for Dr. 
W right to bring buck to America the Kitty [Juwk machine to which 
nil the world awards first place, it ici 11 br u source nf profound end 
enduring gratification to bis Countrymen every when?, Should he 
decide to deposit the plane in the I’nited State* National Museum, 
it would bo Liven the highest plr.of honor. which is its due 
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ay Esiaix fiUHfUt 
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I |irt>jHPh« Ui ilb* a ii££ tlio pro^ltyu of tht espfcflduij universe Irom Lh^ 
observational point, of view. The fact llmL such a venture U permU- 
dble is tmpliatic tvidtnw tbl empiftoil research 1 |S » definitely en* 
ten'll tin' field of cosmology- The exploretwin of space has swept out¬ 
ward in SdCtfSiivt nvintf, first, t hr. algll ihe '■y-iriii of ti' |L planets, 
then, ihruijuli the stellar system, ami, finally, into the realm of the 
nebulae. Today we study a region of space so vr,st olid so luuno- 
gciuHiua that it may well he a fair sample of the ntlivcrse. At miy 
rate, W e are justified in adopting the iii>nui|tti()!i #s :i working h> poriie 
sis ami attempting to infer the nature of the universe from the ob- 
mrved characteristics of the sample. One pi<use of this ambitious 
project is the nhseri'etiono) test of the curiem ! henry of tho expending 
iinivorses of general relativity. 

I si util briefly describe the observable region of spate ns revealed 
h v preliminary rcraamusaanco with Jan?' tdoeocpoE. then sketch the 
theory in outline, and, finally, discuss the recent more ucturate oh- 
KtrifiniB that were designed to eUrify and to test the theory. 

Q1K QU8EH.V.U5LE REtUOS 

The sun. as you know, is a star, one of several thousand miiliog stars 
W hich together form the stellar system. This system is a great swarm 
of stars isolated in space. It drifts through the universe as a swarm 
of bees moves through tlio summer ntr. From our position near llm 
sun we look out through the swarm of siure, |Ktt die borders, and 
into the universe lwyorul. 

Until recently th<w* outer regions by in the realm of speculation. 
Today we explore them with confidence. They arc empty for the 
most pari, vast stretches of empty space. Bat hew and there, sep- 
uMtrtl hv immcu.se intervals, oilier stellar systems are found, com - 
parable with our own. We find them thinly scattered through space 

T BttUrtJLTrri hf |h-niiEMkftn fhM *ti r litcnm .Tfc r r „ p rtPf!F. -■ -***11 *Ni ln- 

r I lh1 j 1 \ |h Scl^iU* In PlfiT^t tit- fjilf- I9i-, 
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nuL as far as U<le(cu[)M can reach, They urc so distant. tint, in geu- 
<:raf. they appear us ^itmU faint dnuds mingled among (hr start-, anil 
many of them Imre long been blown by (he name “nebulae” Their 
identification as great stellar systems, the true inhabitant? of the uni¬ 
verse, was a recent adiiovenent of great lideovopcg. 

On photographs mtula with such instrument*, tlicse nebular, theme 
stellar systems, appear in many four is. N evert boles* they fall tmU 
ii rally into an ordered sequence ranging Tnnn com pact globular masre- 
through flattening ellipsoids into a Hue of unwinding spirals. The 
array exhibits the progressive development of a single basic pattern, 
and is known as the sequence of ciasri Beat ion. It may represent the 
life history of stellar systems, Ai any rate, it emphasitteB the common 
feature*of Iwdies that belong to a single family. 

Consistent with this interpretation in the fad that these stellar 
*y si phis, regardless uf their structural forma, art? all of the same gen¬ 
eral order uf intrinsic lumiindly; that id, of randlejlostr. They 
average about 100 million eusis and nuet of them fall within the 
narrow range from one-half to twire this average value. Giants and 
dwarfs an? known, 10 to 9ft times brighter nr fainter than tl» average, 
hut their numbers appear to bo relatively email. This conclusion in 
definitely esuibliaheti in the > use of uiunts, which can I*. 1 readily ob¬ 
served iImmghuul aft iminunse voimaa of space, but is still S[>ocu]utivi> 
in the case of dwarfs which can be studied only in our immediate 
vicinity, 

Tire limbed tango in luminosity in important bemuse it nflem a 
convenient measure of distance. As a first approximation, we may 
assume that the nebulae are all equally luminous, and, consequentlv. 
that their apparent faintness i ml ire tea their distances. The procedure 
is. not reliable in the case of a single object Ivexus* tin* particular 
nebula might happen to l*i a giant nr a dwarf rather than a normal 
stellar system. But for statistical purpo^s. where large numbers of 
nebulae are Involved* tins relatively few giant* and dwarfs should 
average out, and the mean distances of largo groups may bft accurately 
determined. It is by this method that the more remote region* of 
apure, near the limits of the telescope, may be explored with confidence. 

Throughout the observable region the nebulae err found wittered 
singly* hi pairs* and in groups up to great compart dusters nr even 
clouds. The small-wale distribution lb irregular, amt in dominated 
by n tendency toward duttering, Vrt when larger and larger vol¬ 
umes of ppace era compared, the minor irregularities tend to average 
cat, and dip sample* grow more and more uniform. If the ob-vrvuIik> 
region wore divided into n hundred or even a thousand equal part-, 
tbo center* IS would probably be nearly identical. Therefore, the large- 
scale distribution of nebulae is t«tijd Jo be uniform; the oWrVuble re- 
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gion is homogeWHiuu, very much tha samo everywhere and in all 

directions. " . . . „ 

We mav now present a rough sketch of our wnpl* ot the universe, 

T!ie faintest rwbtil** that ciui be detected mt U she largest in 

itwratiitfi (the 100-indi reflector on Mount WU*») are ahout l rml- 
Jiuti timet fainter than the faintest star that can be sseti with the naked 
eye. Since we know the *verag* candkpower of these nnbulae, w* 
can estimate thnir average distance—&-W million light-years, t 
sphere with this radius defines the observed,k region of spare, 
Throughout the sphere are scattcretl about 100 million nebulae, *t van* 
ous stages of i heir evolutional development. Tlu^e nebular average 
about 100 million linn-s brighter than the sun and H'verel thousand 
mi limn times more massive. Our own st din r sy stem is a giant net mla, 
ajtd U presiimabH- a well-rle^h.pcd, open spiral. 'Hu* nebulae are 
found, as has been said, singly, in groups and in cinders but. on the 
grand wale, these local irregularities average out and th* ertwervable 
regioo as A whole is appitmmflteiv TI10 average m- 

ttrval between neighboring nebulae* is about £ million light-years, snd 
the intcrnobulnr spare is sensibly transparent. 

THE LAW or BED SHIFTS 

Ano th er general duTOcturfetlc of the observable region lus been 
found in the law of red siiifta, sometimes called the udocity-distance 
rotation, Thii 5 feature introdtttf-a thi* siftqoct of spectrum imfilfSirt. 
It is well known that, in general, light frem any source is n eomposile 
of many individual colors i«r wave lmigt in 8 -. When the compos to beam 
pusses through a glues prUim or other Btutdble device. the individual 
colors are separated out in on nnfored rainbow 5#*|u^n«t, bnnwn as u, 
spectrum. The prism bands the- light waves according to thv wave 
length. The deflections arc trust for the long waves of the ml ami 
are greatest for the short waves of the violet. Hence position in the 
spectrum indicates the wave length of the light falling at any par¬ 
ticular place in the sequence. 

Ini'atiiiHSOcnl «oIidS| and certain other sources, radiate light of till 
possible wave lengths, and iheir spectra are continuous. Incantte*- 
cent gases? however, radiate only certain particular wave lengths, nad 
their spectra, called emission spectra, consist of various isolated colors 
separated by blank splices. T he pal terns are wtII known, hence gnse$ 
in a distant light source can he identified by their spectre. 

Thu sun presents n third kind of spectrum, known as au absorption 
spectrum. The main Wy of the sun fui'iii&Les a continuous sice* 
tram, The heavy idjjjosphere hurniunding the main body is gaseous 
and would normally exhibit an emission njnctruro, Actually, tin* oi ■ 
mosphenc, becau* it is cooler than the main body, absorbs from the 
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roll tinman; luw'kgrnitiifl those colors it would otberwi^ emit. 'Hiere- 
fore the solar s|jeetnim is a cuntitiuotl# spes-imm on which is 
posed a pattern of dark gups or linos. Three dark lines identify the 
gases in the solar atmosphere mid indicate the physical conditions 
tinder which they exist. 

The nohulae are stellar systems, and llieir spectra resemble that uf 
the sun. Dark lines due to calcium, hydrogen, iron, and other ule* 
incut* in the atmospheres of the component stars are identified with 
complete confidence. In the ca.se of tint nearer nebulae, thes* lines are 
close to thdr normal positions an determined in the laboratory or in 
the sun. In general, however, accurate measures dieclosu slight clfcf- 
placements, either to the rod or to the violet side of thn exact normal 
positions. 

Sudi sum If ilisplaccjnentt are familiar features in the sia'ctra uf 
^tan» and am known to Ik 1 introduced by rapid motion in the line of 
sight. If a star is rapidly approaching the observer, the light waves 
arc crowded together ntul shortened, and all the spectral lines appear 
slightly t<» the violet side of the normal positions.. Conversely, rapid 
lYression of n star drags out and lengthens the light waves, nnd the 
spectral tines are seen to the red of their normal poettions. 

"Die amounts of these displacement (l.hey are called Doppler 
shifts) Indicate the velocity-s of ihn stare ill the line of sight. If the 
wave lengths are altered by a certain fraction of the normal wave 
lengthy tlic star is nioring at a velocity which is that same fraction 
of the velocity of light, 111 this way it has b'en found that the atari 
sire drifting about at average speed* of 10 to JM) miles per -second, 
and, indeed, that the stellar system, our own nebula, is rotating about 
its center at the majestic rule of one revolution in perhaps 200 mil¬ 
lion years. 

Similarly, the nebulae are found to be drifting about in apace at 
average speeds of the order of ICO miles per second. Such speed* 
of course, are minute fractions of the velocity of light, and the cur- 
responding Doppler shifts, which may l*n cither to the violet or to 
the red. are barely perceptible. 

But the spectra of distant nchulno shnw another effect as con¬ 
spicuous as it h remarkable. The dark absnqUion lines are found 
far to the red of their normal positions, Superposed on the small 
red or violet shifts representing individual I motions, is a systematic 
shift to the red whirli increases directly with the distances of the 
nebulae observed. If one nebula is twice os far away as another, 
the red shift will b twice m large; if a tinted a« far away, the nsl 
-drift will |m« n times as large. This relation is known as the law of 
red sliiftsi it appeals to b quite y general feature pf the observable 
region of space. 
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if Urns systematic red shifts are interpreted »th* familiar ffepp* 
U-t shifts, it follows that the nebulae are receding from '» m 4 
db££ it velocities that mere** directly with tin- momently 
distances. The rale of increase is about. 100 mil«- l*r »* “ J1 l* 
million light-years of distant, and the observations have *en car¬ 
ried out to nearly fcSO million light-years where the red slufu cor* 
respond to vekeite* of reckon at nearly 8UKW m.l« per second 

° ot 'Ihil tSrpreLuoi^the present dhiiribiiimn of nebulae could 
be accounted for b> the asstunpliun that all the mfo» ■<« ***• 
jammed together in a very small volume of space- TlM:i h “ * T«£a 
instant, some l^W milium yeare ago, the jam «l>M<^.c^ 
rushed outward in all directum* with all posable vdomu^. amUh y 
liavo maiiitAllied these velocitn* to the present da) Thus - 
lao have now receded to various distances, depen mg u l Mir _ , L 
initial velocities, and mir observations necw»urily uncover a ■*» 

of history seems w> remarkable that *ttu» 
view it with jiairlumiblp recurve, try to ifiLitgiuL ti iiri^ 
plimn.im,* for the law of ml shifts. Op to the F»4 Av 
failed. Other wavs are known Uv which red shift:, rrughi U | « 
duccd, but all of ilwm introduce additional ctfivt* that £ 

conspicuous and actually nre nut found, lle‘l dull-1epresi.n l 1 ! 1 

effects. physical recession "f the nebula, or the action of «*»* 
hitherto unrecognized principle in nature. 


CtIfcMOLOO 1CAI. Til KOH V 

11.,. prehiniiuirv sketch of the observable region was completed 
alKmt 10 voars ago. It was not necessarily a finished picture, but it 
furnished u rough framework within which precise, detailed investi¬ 
gations could be planned with a pit.per understanding of their relation 
to the general schema. Such new investigations, of course, were 
guided when practical by current theory. L«t me explain the sig¬ 
nificance of this procedure. 

Mathematicians deal with posaibla worlds with m infinite number 
of logically consistent systems, Olwerwrs explore the one particular 
world we inhabit. Between the two stands the theorist. Ho stuuiF^ 
possible world* but only tlwasc wliich are convpntihk w ith the infor- 
iiintinn furnished by observers. In other words, theory attempts to 
segregate the minimum number of ijossihle worlds which must iiiclui« 
the actual world we inhabit. Then the observer, with now factual 
information, attempts to reduce the list stiU further. And w> it gw^- 
observation and theory advancing together toward the common gw* 
of science. knowledge of tin* structure ami lichavior of the physical 
universe. 
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The relatiun b evident in the history uf eosnjohipy, The *ttidv at 
find wan pure spmiliti&u, But tht- exploration of spm'a moved 
nul ward until finally a vart region, possibly a fair sample of Ihr 
lunvenie, was opened for insfwtiiMi. Then iliwtry was rerimlixed j 
it now had n sure base from which to mi tore forth. 

Current theory starts with two fundamental principles; goAfliftl 
relativity and the cosmological principle, General relativity st#t** 
that die geometry uf spare i« diU-mumd by the oottietits of Epme, end 
formulates the nature of the mint ion. Crudely put, the principle 
idnIt* that spurt- is curved in the vicinity of matter, and that tin* 
amount uf furniture depends u|«m the *1111011111 of matter, Bee* tire 
of tlie irregular distribution of matter in onr world, the .-mull-scale 
structure of space is high Iv cum plot, However, if the univerw is 
sufficiently homogeneous on the large scale, we may adopt a general 
curvature for the nmveiN-o, or for Lhe observable region as it whole, 
Just as we sjM'ak of the general Curvature of die earth’* surface, 
disregarding the in mi n tains ami ocean buxiim. Tim nature of die 
spatial curvature- whether it i- jm-itive or negative, and the numeri¬ 
cal value, is a jruhjcd for empirical investigallon. 

J'lir second, or cosmologies! principle- is n pure assumption—4 Ih> 
very simple postulate that, nn (hi* grand scale, tlm universe will 
appear much the auntf* from whatever pagHian it may be explored. 
In other words, there i- tm favored position in the uni verso, no 
center, no boundaries. If we, on the earth, see the universal expand 
dig in all directions, then any wilier observer, no matter when* he is 
located, will a Isti see tile tod versa ospa riding in (he some maimer 
The postulate, it may !.«* addi-d. implies that, on the grand scale, the 
urdvorw is homogenrom- and isptrojiic—very much the stuno every¬ 
where and in all direction* 

Modem ccmmilugical theory at tempts to describe t.hn types of 
universes that are compatible with tbo two principles, general rela¬ 
tivity ami the eofimulogicnl principle. Profound analysis of the 
problem leads Lu the following cosclufikttta, Smell u&ivetKs are 
unstable. They might l>e momentarily in equilibrium, but the 
sligJilffti internal disturbance would destroy the balntice, and disturb 
ances must occur. I here fore, these possible worlds arc not stationary 
lliey are, to general, either crmiructiiLg or expanding, although 
theory in it* present form does not indicate either thi- direction of 
change or the rale of change. At this point, the theorist turned to 
the rejwrta of the observers. The empirical law of red shift* wo* 
accepted as visible evident" tlml tbo ttuiverw is expanding in a 
particular manner and at a known roUv Thus arose the ctoiception 
of homogeneous expanding universe of general relativity, 

Ln am.h 11 niiet te*. the spatial curvature ie steadily diminishing us 
ihc capam-imi progress*. Furthermore, the miture of the expansion 
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is such that gravitational assembly mfton their ifottw*-I* 
other word-% material bodies or groups and chistereof tabulae do w» 
Uwtntra expand but nwinfHi* timir portM*** dimensions as their 
neighlmrs recede from them in all directions, * 

Several types of expanding uniwp** * re passu c. ant 80 ‘ ' 
them tan be' further sqMcified by the natui* of the curvature, whether 
it is pMtth* or aplhi tn fact, the particular M»m> »• 
could be identified if wb bad sufficiently precise information on three 
mensurable quantities, namely, the rata of **!“ 

density of matter in epere, and Uta spatmi curvet,.re at the preset, 
epoch. Recant empirical invwdigtniotw Lave been directed tewanl 
£» problems, and the twalte will La briefly described m the remain¬ 
ing section of this discussion. 

COUt’A-SISOt' 1 " iH' TllKORV AND OBSERVATIONS 

We may begin with two rtsulli which are thoroughly consistent 
with the theory. The first result concerns the assumption of homo¬ 
geneity; tint second, the conclusion that groups maintain t etr > .men 

«ons as the universe expands. , a-* 

The distribution of nebulae has been -studied in ^ ways. _ u " 
informal ion came from sampling surveys at Mount WilsoU and at the 
LickObservatory. Small areas, syrtanfltitally «atieml over the shv, 
were jftudted with large telescopes, Tims the nebulae iU»i * 
counted lay in narrow cones penetrating to vast distanctf. \U>~ 
surveys estah!uth«I large-* ale IwmofBBrity over the ttowj-qiartare of 
ilie sky that could 1 m studied from Lius northern latitudes of the ob- 

wrralories involved, . , . . , ... 

Later, the Harvard College Observatory, with the lmlp of Us South¬ 
ern Station, has furnished cuQttl* of the nebulae extending over large 
areas but made with moderate-six* telescoped Tn oihur words, these 
nebulae are scattered through wide cones penetrating to moderate dis- 
(nfirvs. Shapley, in bis reports, lias stressed or perhaps ovi-mtiwsftl, 
the familiar, small-scale irregularities of distribution, hut oiialyHU, of 
such published .lata aa awadnuately calibrated agrees with the earlier 
conclusion. In fart, the mean results from the two quite di lie rent 
methods of study are sensibly the wme. 'lids fact reemphasises tht- 
large-scale homogeneity of the obsorvablr region. 

The second wult 13 derived from « study of the tiroup, (Jui 
own stellar system is one of a dozen nebulae that form a h*’”'’ (luiup, 
more or less isolated in Lhe general field. Th»e neighboring *pam* 
furruflhed the firat dues lo the nature of the nebular aml tbe wale »f 
mternebidar distance*. They are so near Unit their brightest stare 
oould be reengniaed and eorapared wiLh simitar slam in our own *>ts- 
tem, Radial velocities of the member* of ihe Local Group, listed m 
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table I, softest that the law of red “hilts probably dix* (ml operate 
within the group. This conclusion is positive evidence support in& tin? 
validity of tlje theory. f f Line universe is expanding, the group main* 
tain* its dimension. 1 ? os the theory requires. 

The remainder of the recently areiimnklcd information is not favor* 
aide to tlie theory. It is ho ilum aging. in fuel, that the Uwory, to 
its present form, can be saved only by a** inning that tlie observational 
nsnKs im-hule hidden srystemnt.tr emirs. The latter |H-.-iliility will 
naturally persist until thr im (litigations can lie repeated anti improved. 
Nevertheless, a careful reexamination of the data now available aug- 
ye.sis no adequate explanation nf lhi* discrepancies. 

T yp: r 2, — RtldUti In fHe L*X'*t Ul'Htip 

Ttw *'Jim rve-t vpIm’HIn* iwii>hiI .-vluiijiii rrtirrMul a wore rvaretiabk' itixiri- 
button Hutu 11k> vi‘lorhir* euiTH'ti'iJ fur ml Htitfi* IIIrill column). Tin- lwtu*r 
nre nil lnrjf. amt ni'enttvi wlih ttie exccfirlon of iln flrei two, ft>r which ito- ml 
sdrlffs are 1n»t(THtlcunt. TWx fuel sugtref* that ihe tow uf re I ■ lilts-, .low* oui 
ojn’rafr wliJiln tin* Lent) (trimti. 
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**I<Klry, t Hu rmr^H-r^l silm irf t bo Tiffed!J !■ ridiof UuorriuiEL pod, tar [Sis* rrgi^n, i* 
frfll IIHftiHfed I* iljs t*liLi. i|o»eyfr, fJ'p IlCh Ihlll [I- |< 1 t % Jd mniliirnl 

Wkib llli! mllirr fum iTmti ■ of Ihn |**cnt <innf 


THE INTERPBETATIDN OF ttED filttFtS 

The investigations were designed to del ermine whether or not red 
shifts represent actual recession. In principle, the problem can be 
solved; a rapidly recoding light source apperin? fainter than a simi¬ 
lar hut stationary source nt the same momentary distance. The ex¬ 
planation of this well-known effect is quite simple when the beam 
of light is pictured os 11 stream of discrete quanta. Rapid recession 
tliina out the stream of quanta, hence fewer quanta reach the eye 
|»r Micoud, and llie intensity, or rate of impact, t* new-faariiy re- 
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the normal wave teogtlw of I lie light “* ®5?J’ bv t( > 

,™.l, lb. *•)■ «f iw» "tof rjKT'SSr 

lb. liimminii ftrtw b «e l ’* lWe - ""' »l 

,„.!« ,*r „( Mb.,1* «. ta»«n **» 

nnd uieasunMl. Hence, iiui. w» faintness and (ell at 

accurately we «mlft £\ t lh , ra , 65 indicated by Ibc 

once whether or not they are reemlmg a. 

" n!'ii!m.„»..iv, m wUm »«* mmm *• r ■ <ss£ 

iubub» »hi.l. «'• «** to uat. 1W r\’ W 1 ’ Xfc. U to .1. 
Vt*lvt- a virion* circle, and th« dimming &«**? . k ! 1 ' lb “Jv 

—«»*—■ “t™;" Bg* 

afTni n-V •”« tamm* Ibar ljt«a» *•>»““• iur " Bll “‘J*'' 

,.. bo ooukomry »r rocediog. It. ta «. “ r ^ * 

n,on thr iilisoi voblo tigini, urine tin' ono took »II'I tb"» I - • 

JL, Unit tbit tho woong *»1» ■«* *> " 

to crave difficulties. Such attraipti b*vo been made awl mi- 
<u£ lead to trouble. It is ibr scale «bidi includes the dtwmi^ 
ft 11 ’toes of wwk which «*um« tlmi Uio uniran* v Op**”* 

ALTERNATIVE fOUMS OF Tltti WW 0F *'' ]Iiri!! 

The project wan carried out by tb* pwrinc l-nunlsii icii of (»> tbo 
law of rad shift*. and (h) the larged dirfrihnmu of 
Tho form of the law of rad shift, b most readily M fnmtibk 
vtudv of the brightest nebulae in (he great ctiia*ers. 1 he*- h1 ' 1, 
ant the must Lumiirat Imlfe in the muvom. «<1 
spectra can be recorded out to the maximum ilistam*^ * ul ’ th "' 
„l,n . the ri(.Kte« are so idmilnr that the apparent faints nf ( 

5 i.r W brightest mtfubett furnish reliable rebmve distance-. T 

rixatrvations now extend out to dioui ‘2\Q » 1111,011 '$'* y > ^ \ j 
,he ml Shift it about 13 patent of the nomial wave Irogth- uf 
incoming light. Since the eorn-jit.miitig valurity of ret*. 

,umh. fraction nf the raloeity of light, the md.ulne m the m* d^nn 
rluster Observed, if they are actually receding, wdl Appear l.' r i 
f ^ nter Hum they would nppeor tf they were .latiouory. The <hf- 
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ferentu is sTi i nl l but, fertUEiutrly, iht trail l * 1 iruuUs with fair 

iicEoracy, 

Tin . 1 remits may tie slated simply. If the nebulae a re stationary, 
the law of red shifts i* wnsibly linear i red shifts are n eonEtfmt 
multiple nf distances* In other words, each unit of light ^ a I ] j con¬ 
tributes tlift same amount of red shift. 
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t nines J. 'Use law ul rut wlOfLa, The low tf red utility «l T*jrjr amir il l-^e ni 
[ * ri|SrtnHl rta fl rtiaUon tmiwftni aiqnrtut lUaffiLtiiftaa of tbi Itftia UrlsUiicst 
uuziuKn* yf cliialm unrj Ujb mean rr-il wiilfta ob&urrfMJ id the elnafara_ TSui 
rstatkm. lo* JVX = 0,2 m» + nituttnm, *ltfiw& m n fall llm in Out lElafniiB, 
mtiicate* ft Htuyer Inw^f rail fliLtis (dV^^Qiaiul / niulnnntl. 

In tits riiEignmn torse iltlfcs reprcs^it l] listen* of high might; dufei* darter* 

*1 iw flow-?, w^sclitn-ri naf^rii. iHnurred vuaprfhMes haw to*ii 

corrft!t pd for all kiHiwo dfaeu iiuelcirUnff Ehe "energy efft:< £*/* tkJA/X), accept 

fitters. Thus tor 0 htalJuiiary uul^rti l hr \mw ef red ahlfta bn 
rt fnEWj linear. 

Fi * up dpaartu^ unfri-n*, its? tftttetim fill-tor* would be upi^led, ctod tfao 
!w WiitiJa depart frenn Out linear fiirm. Such dirimrlaT* 1 * shown hy tfce 
i^r^faen enrra, Imply Uim the rale nf rijKin^ton ha.- imt* +W.iTut dm™. and 
itmf tb* 'Bffr nf ihe naSmmm^ Uv Item) siuas the t-Tpniiulnu aiattdt i« leas 
thin l,0fl0 mutton pTin 

Ttt* iliikfrEim Iwrlud;^ mbit* tttIsUitwi 0 r the tfto* rvnihmiil data Lu accird- 
■itc^ wiili ttt'vi.t 
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0 REP SHIRT w . . . 

— «*- 

IT «««. d«r~ Mrtttr t»« W«™t ■«**» 
ulr* number oeMMi <hTid«t t>J l,f 'I® 1 ™*- 111 

" , . . v J, Hill I Ill li fWltUt lR fWiHiltl ® iTO™? 

r ej .r ^m„| by (I.* h -i*0- E» , „ n lS fT t <u <It*W41m 

Iii whivh thi- i^rml tn h*** Ik*«i ^ ' * - -. T]ir 

<* ^ «*.»« «ika» ini o-m*£ :tsskiJ£w or 

ilijigribni I nil ten if? I hni frit j> »**Uoeii«TT iihItthw. il>e iHflP»y » 1 ■■ * 

lUntaiir* Ins «d Shift!- „, 11 ,n„i aDI « ibr 

If tlm WOltilfW? WMU I'SJWTvllnit. "UU«1‘ , « fnCtoMi * ,Q rf»ultr lOCBBiBSS 
(Mala would full Abus U* **, “f# 0 * Ti^ fr» 

■inillW wlili ilUinMt: In order to wai*! lIt * s ®*“* ’ * ’ 

IblnMlitre still mnutlii’r rttmrt an* “■ iffrulliit eunratwm w i c i *'*►■<• 
peunin th« rraiwiiKi (IctiRt , „ . „ LU h hllI . hu 

Tibs dm* r»'prn«ut Stirrer* made *! Mount Wibwn nod • n,r ' llarrurd 

At* ere* tl* Wpi. *W to t «» 

i’iujHs t« m=17,P, osimcW from lw I** 1 Ac< * 3t ‘ ' u " ,,,,-vdnrc 

mid vot id, WK rn Sod DM. HHO. ««* rrdm-4 «™rdlr* *o tlto !>"*"*»** 

m&l in reducing Itre 4*#p&r aurtvy*- 

On tint other hand, if the iiohulae are recalling, »nd 'k 1 ' < ^J tlI,l j 11 ** 
ftidore are applied, the scale of distances is aUcntc , *n ! 11 
of red shifts is no longer linear. 'Hit rate of oxpansion nun uses Rl * _ 
and note rapidly with distance. Tho significance of t® ^ 
bvromas clear when the picture U reversed. Light that rear u s _ 
today left the distant nebulae far back in the dint l^t hunt 
millions of years ago. When ive say that th» rate "f expansion 
increases with distance, wo are saying that long ago? T * itf universe "a* 
expanding much faster than it is today; thai, for the hud 
hundred million years at least, the rate of expansion has been slowing 
down. Therefore, the utt-callcd M «ge of the universe, the time inter- 
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vul since the expriiii-ion began* it- much shorter than On? I.SOD niillii.fi 
year? SUgtrestinJ by n linear tan’ of ml shifts. If Oie measures lire 
rwli:ilik% tlie interval would be Ii*<n limn LUUO miltiuu years—-.i fraction 
of Oh* ngc »f the earth and comparable with Ow history of life on 
the earth. Thu union/ of the expansion is permissible ami, in fart, 
specifies certain types of jiosdble worlds, lint the time scale is 
probably not acceptable. Either the measures are unreliable nr ted 
shifts do not represent oxpnnsjmt of the universe. 

TUI! T.AWBfrlTatU DLSTKimmON OP NERTTl*Af: 

If the tirw formulation of the law of ri;d shifts were? u.!iEFU|>piittiHl 
by uihttr evidence, the imptteatimw would probably bo dkngimted. 
But ^under dbctvj Hindis air met In quite Independent studies of 
large £*■«]* distribution* Five fl&nipliitgjjurayti (four r! Mount WiU 
miu mitt one u Mount Hamilton) mtah with Jarge fcflectora, fumUli 
Hit numbers of nebular per unit arva in thti ^ky* to ^iceeeuve limbi* 
of apparent fpirOm*?s* Tba nc^ulls furnish the numbers of nebulae 
per unii volume in flra sphere* whoefl radii range 1 from ahum 155 to 
420 mil him light-yenrs on this nation ary dii^anec srsile, or alxwit 145 
to EG5 million lighbyenre for tins expanding distance schJp. 

On the a^urnptwwt tint rid *hift* do nut represenl actual recession* 
ihtv kr^-^ alr list rilmimn h m nnhly homogferieou*—the average 
immUT of nebulne per unit volume of sqmee h nmol* ibe Kilim for ryrh 
of tin- -iphmre-- Further tvmfmnaiirn i found in satii r *.f this recent 
Elurvwrd rogn U of nebulae which fall within the mi^i of the sky eov. 
unnl by the deep surveys* and which ore bwd on the same of 
appownl faintness, Sufficient data nm lx* extracted from (he reports 
to determine a mean density over large dibits extending nut to podia ps 
100 million Light-year?, and (hit mudi j* in substantial agrwmimi 
with lhose of the earlier instigations, All of three data lead In the 
very Mbnple roumpfian of a ^ndbly infirm r + hrinfl^meou* uniform of 
whti h thr oWrvuhte region ban insignificant ^tmpk 

The inchi-ion of din lining corrections for recession, because they 
Iter rise scale of distance in it nonlinear way, notSfi^stirily destroys the 
homogeneity. Hie number of nebulae per unit volume now appear -, 
to inferense sys&miatitally with dtetanoe in all diiwtinn* The remit 
plates tV cwrauhtgU-al principle of m favored pudhon ami, dm- 
sequently t fa referred to mitih- neglected factor in the cali-ulmsites. If 
the density appeared to diminish outward, t would at once jmspert 
die pt*se?ice of intemrbulrif obscuration, on perhaps the extetcuett of 
a ^u|X»rsv^ cm of nebulae, But an apparent \y IncrtaniiLg dan^itv offers 
e much more serious problem. A hour tho only kumrn^ permit ible 
interpretation h found in 5j>atinl curviituro. w hich, by u E^irl 

«]f optical fore^horcoming, wouhi rmwff the observed nebulae into 
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ijipMWillj' siiudlw niij smaller volumes of spte* «s the distew* 
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imiTonc. but one whUh nwt student* sre Uktly to reject as »®fl| 
improbable. Furthermore, the -imnge feature* of thia muven* are 
merely the dimming OorreOtiflO* eipneseid in different tenM. Uoiit 
[i).‘ dimming (ninw, nml rh» oddltfe* We nro Mt with t *' 

rimplo, even familiar, concept nf n HinSfhly infinite universe. All 1 ho 
difficultly ore transferred to the interpretatom of rvd shifts winch 
cannot then ha the familiar velocity shifts. 

Two further faints muy ho mentioned. In the fir?t pint, tlu- 
Kferenr- of red shirt- to some hitherto unknown principle d«* rM 
in any way destiny the validity of the theory of expanding nwvema, 
It merely removes the theory from immediate contact with observa¬ 
tions, We may still suppose that the miter* Is either expanding or 
contracting, but at n rale so slow that it cannot now bo disentangled 
from the gross effects of th* gujwrposed ml shifts, 

Secoudi;, the conclusions drawn from the empirical investigation* 
involve the assumptions that the meenMS an reliable ami the dtitii 
are repraentetm. These question* have been carefully reexamined 
during (lie past few years. V irion- minor revision* have be™ made 
hilt tho end results remain substantially unchanged. By the usual 
criteria of probable ernn-. the data **m in he sufficiently consistent 
for their purpose. Severtheles:?. the opera th'im are delicate. am t ie 
most significant data are found dm r the limits of the greatest l*la- 
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scopes Under such conditions it h always possible t bi t ilie rto 
suits may be ® fleeted by hidden ff^stimitit errors. Although no 
suggest km of auda errors has been found, Lb© possibility will persist 
until the investigations can bo repeated with improved technique md 
more powerful telescopes, Ultimately, tits problem should be titled 
beyond question by the £00-inch reflcciur destined for Palumnr, The 
range of llmt telescope, rmd the correapondiiig ranges of Hie dimming 
corrections, should I ns about twice those examined in the present in- 
vEstigatiutis, Factor* of 25 percent In the apparent brightness of 
nebulae at the limits of the spirograph, and 40 to 50 peanut at Hm 
limits of direct photography should be iinmi^thlulde if they really 
exists 

Meanwliile t Qti the bsifiis of the evidiuieo now availably appjtrcftE 
discrepancies between theory and observation munt bo rncognieetl 
A choice is presented, as once Uefatu? in the days of Cojniriucus, be- 
lwmi a atrangdy mxn II, finite universe and a Hensibly infinite imh 
verw plu» n new principle of nature* 

nmnaamcai 

tUptutre hiljiJr-Bmijitij 1" furnished Iwauje the litn wont 11 lie laifriy n 
f*t»i Ellon df i hr curttfaJiy «tjcct*?LS MbD'^rapliv rrfluplJH by It, p. K(4 k wtmm 
M urn app^itilix to him riiscnMlni of --Tbi! Eipamllr^ flu heme/ 1 pnbLhilii-4 lu 
Hdoncc in Profit^Hutk! !*erteis, 19-10. Ilol^rlj*rm h n cuiittitHiiion t* tfc© * 
la iluz Nearest Dontvelmtisl prawn cat Ion of U» fimdniucutai problem of ^ 
iLiob^ r lhat him yet iifHNd. 

A ti-sw paptr*. autw^uiqit Itutertaofl 1 * hHithigrqptign are U*ft4 bclew 
EjlDfSOTOrf, Sm Aaruuit 

104ft, The Fpeert of of tin? cxiragHlactlc nehoJae* jncatfldir, fUr 

E0h UirTItnenm. Copenh*ffm B- k rlTw iho fate of fxpntrtkw arc 
an itprlorJ iteiMrm, anil fimta a ms turf Era] value a^reatn^ with rEtv 
ultfenrrd Ttiioi? within the uaH-mtatlfti of thr ilatm. 

Jp-KMijr, EnwiJf. 

Jim The motion of Che oyrtnm wwg ttie nebular Juuro. 

Franklin in ml, t^l. :i3* p. JTL Cite* erldenca flu£gr-£ting iijut im 
Fiiw of n *4 *mri* iioes not qpmir^ within ihr local ^rocp 
Silatlkt, iUmw. 

uttS-llul. YuMnut lUKiutflonp nf wtml# or ttrtmlac, and their tearing on 
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I With i pint* I 

Uk» tin? [fiiltw.ids tiwawi«sB, the Belli of inquiry concerning 
gnloxiim is large and mt cosily surveyed in » brief article. H * ll! 
be well to restrict tht- assign irtflUt aud write only concerning n 

selected topic*. HR * . . , 

Lot us tire! try n birdV -9J* view ol our own gnkxy. I be birU 
whose eye we would use needs to b* * wnH^U* creature to resc 
like rcuiuU’iit 1 ^ necessary for an outside Hook. ® U ****J 
Cygtuw the Swan, that heads in full Bight along the northern Milky 
Way, nipr Aquiin the Eagle, "or the big-billed Toucan, tin) Fkmiiugu, 
the Pltotmtx, the Goose, the Bird of Paradise, nor Coreas the Crow. 
Ail these «u Mutilation bird* nr® composed of stare that ura bright 
neighbor* trf the sun and distinctly localized far inside our own 
L r aloiy. 

What WC need is an observation point om.ething like a million 
light-years distant, well outside tins bounds of the enormous Milky 
Way system. It would be pretty satisfactory to settle our bin! tom- 
fori ably Id the outer haze of stare of the Andromeda nebula. If the 
observer be u eon temporary of oura, he will he leaking at <mr system 
in terms of 8,000 centuries tigo. It has been that long since the radia¬ 
tion left die am and its neighboring stare on its way to the retina 
of the ell-comprehending but quite imaginary bird now surveying 
hr from the Andromeda gakxy. 

Such a temporal disparity, 8x10* years, U of no particular 
moment in our considerations of the galaxies; and shortterm enter¬ 
prises like the current western civilization, of even tlie whole history 
of mankind, mru bo neghttod in the cosmic panorama as too itiutnm- 
rarr, too Ike dug, for a dear recording. 

It is wall known tint the Milky Way star system is a much 
flattened organization and that the sun and planets ate well imude. 
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T1iL& interpretation of lliu Milk y Wuy was pointed (nit years ago 
by Thomas Wright, a pioneer "fatalfe-eye viewer* of Durham, 
ICiJL'lnini- He saw that the hypothesis of a flattened stalln r system 
Tvitii the earth near the central plane would siiiisfarlnrily rxplutu 
the Milky Way band a* a phenmiigiuti of projection in sudi s 
system** Our hypothecicol ohsprvrrr in Andromeda would so* Uus 
Untuned wheel-shaped system not from the direction of its rim, nor 
from tlw direction of its axis, but from an intermediate position, 
^dir-hr latitude 21 |: . It would :ifi|!t>ur in projection, lliftivfore, ns 
an elongated object, pur)ia|is with (lie asses of IIti- rough tdli|».* in 
the ratio of about three to otic. There would hr a conspicuous 
globular nucleus of naked-eye brightness 

We mu ainic^t cemm now that our galaxy is n great openwork 
spiral system of stars, perhaps not much unlike the system -Messier ffil, 
shown in plate ). Ifut in linear measure it nitty be much larger than 
Messier 83, It Iiiu* taken n long time to gt-t eouahyuva evidence on the 
structure of our own system, We are badly located. J hiuv are ob- 
vimiH dillii tiliiv-i with residing insuiln. The (meadow violet, no matter 
how bold ami sensitive, is nt n diwdvantftga in meadow topography 
com pared with the bin! hovering above. 

For more than a hundred yeans o«tmnutMRre have stniggied with 
(lie problems of the structure of the gnlasy, Theta liave l-“’eit many 
* I ioc ii k to i-’. but also sotno hard and systematic observe re, Si e' William 
lie red to) dun ii unt oil i Ida held throughout the early part of the nine¬ 
teenth c enl u ry, Ili s surveys of star da stare a nd tu'bu hie, I s is mcnsi ires 
inf brightness and ixtgitiuri* of various eclosUal objects, hiii interpret*- 
liens of tin- accumulating material were so important that hr is 
appropriately en ruddered the founder of Hidereal aytmtmmy, Before 
him the rtnphnsis wn» mi rnmete itmL planet- and the postilions mid 
motions of nearby yin is and the laws governing these motions. It was 
essentially eolar-syotent astronomy rhiit mu-meted the telescopes ami 
lint wisdom of scientists until this Gorman-Anglican orgniust of Bath 
devised some mat rumen la; then astronomy turned out (card to inter¬ 
stellar sparer. 

Sir Willi mu Tlei-sdid wiia eonMilernbly Imtli-d by the problem of 
the stnwtuw nf the galaxy and by tji* relation of clusters alul nebulae 
to tile Milky Way. His stt«tsK«r& mads many notable contributions, 
j.hcitntne’trie and spcctrrjft'opi' 1 . to knowledge of the nature of stare 
und nebular, but still the large cosmic problems reinaitied baffling. 
Increasing telescopic strength, however, and the accumulation of many 
kinds ami types of i&sarvn linns, cccnjtatillY led to less fiimdiiiient about 

A F<vr net Imiilill nt \hf ^fly ™nH-’ iBtnTpTfltiotlmi try TaftfiEflu WrttftJt snd IhiminuH 
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ihu Slclkr ncitfibors of the sun «id the wnrerparti of the Mdky' *£■ 
The okl hut improved concept iliflt the spiral n*b\t\** 1 / 

tivt* were etf.-mal gilisies. coordinate with our own Md**> " “> 
srotem, nrodtilliy Iseaun* cstablfelmd. The dimension of the 
Sri of the univiT-t- .pprorahi-d chuaficetion.eh^y through 
„f the tot^ol-ee nf A nierirtUi ..b*rv atone* n rid the vie... 

and American fittOTetictMis. _, . 

In clarifying some of the curlier ptwdes, however, the astnwniuwa 
only memtoth* opening vaster vistas for es pi. .ret ton, interpret at ion. 
and wonderment. The net pun has l«n mukmble. 11 is w bW? 
Iwlievcd that the severe difflenhies of wiiain astronomical caitcri ne * 
have definitely blncfccd thh progress of inquiry. A hundred yw* 
a distinguished s'leutoi (not «n astronomer) ghnt«l a hit over ie 
pronpuiuwniwit ihat one thing would oerttu«l> fori 11 1 n mftiri 
known, namely, the chemical nature of the stare! It was not m j 
veare before the Bpectrosoope begun to betray him. And at a tnm 
Id her death in iSU Dr. Annie Cannon had clarified more than half 
a million stare On Ilia Imsis of the chemistry of mil surfaces. A 
En-at ijr-ai i* n^w known of itit? chemical constitution of • ^ aiy o 
n billion «Un at, a ditto rtf* of 10 million Hght-yown. An elementary 
astronomical ttlrinht can .pifckly learn, with the use of t»ofam «m* 
ment, about the hydrogen, calcium, iron, piigiWBnm , helmm. carbon, 
and the like in stars that hare never actually been seen except through 
use of the photographic plate. 

The mom I of that had ancient preurohiHScnumt about stellar dwm- 
istry is that it Is not wise to lie discouraged with the diRirultira arising 
fr«u 111 mr n wk m u ri ] local ton in t he g» li i xy ■ Even tun 1J y »ll tlu» a ttsw i*r* 
to all t hi- ipiettioiis you could now ask about Milky h ay si rout I ire may 
la* known. And,of eourw, we would then he wise enough to as k other 
quest iutui that you could not answer, nor could to Hero are some of 
the current question?, uud, for iso me of litem, preliminary ntiswrrs. 

1. Are the sun and its planets in the middle of uur tlK'oidiil galaxy * 
They certainly ore not, There nre many lines of evident which indt- 
niti* that llie center is far away in tlic direction of lire region where the 
constellations of Sagittarius, Ophiu virus, and Scorpio come together, 
30 degrees or a little inure south of the cdestinl equator in the thick of 
the hright ^1«r eh mils along ihi- Milky Way. My eufly study of 'hr 
globular tt&r dusters (a reproduction of an important one, 4, l ueanni’. 
in shown ill pi. g) was inttru mental in showing die observer that he 
is well onl toward the rim of the wheel-shnpod galaxy, Tliore may be 
some M puliti‘iili-re" i n other part*- of the Milky W uy. m fur south Carina, 
for instance, and in Cygnus. But thnw conglomerations of stare ap¬ 
pear to be important local structures within the great galaxy that has 
jts massive nudcis in the Sagittarius direction. 
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2. is this goiuxy in motion ns a unit! How it nloi’ts with ttwjiwt to 
nearby galaxies is not yet very dear, hut certainly it rotates around 
the Sagittarius nucleus. Il dues not rotate as a ho I id wheel, at Least 
at our distance from the n Helena. It rotates more as the plane la ry sys¬ 
tem rotates; (lie planets nearer the sun go nim rapidly and complete 
their “yeats” in shorter times than the remoter planers We think we 
out very definitely measure the differential speed of stars around the 
nucleic. The Average speed in the sun** neighborhood is about 200 
miles a second, and the direction of motion ia toward the northern con- 
st el I at it in of Cygnus. 

3. flow far are the stm und the neighboring stars from tlie axis of 
rotation 1 Ten kilopnrsera ia the approximate answer and, skit* a 
parsec is 3.26 light-years or about 20 trillion miles, the dbjtuice is 
rorm-thing like 2X10" mih*i r or ,W-odd llinu-und light-years, For 
rarious reason*, that value of 10 kiLoparoeta is not too oerUityW it is 
well established that the center of gravity of otlr UyotAUl is between 
8 slid 12 kilopareeca distant. 'ITie direction to the center is fixed with 
aid tuieerl unity of only 2 or 3 degrees; this anguirir parameter is much 
easier to I hi ml U- than the. distance. 

+. How largo b the Milky Way system and Uow populous? Enomi- 
mis in size and jmp illation, if nonquantltad?C terms may be used. 
'I'llero is goad 6TidAct that die lotul population in stars Lk of the order 
of 2Ofj,0fiO million, but tire evidence on over-all dimensions is an yet 
inconclusive. Indeed it is somewhat involved with definitions. For 
instance, how define the boundary of n galaxy I Is it at the distance 
of iLr fartliennoai dir-coverjiljk- metulier of the system 1 Or is it the 
dirfimre to the place where Lbe Humber of stunt per cubic light-year has 
decreased to a specified small (quantity 1 Or is it, for a spiral galaxy, 
tin- di-hmec to which a spiral arm can tat traced! Or is it. the distance 
to which tm escaping star ram go before the gravitational hold Lack Is 
exceeded by the pull from some other galaxy! 

Tim diameter of the system in it* plane is not leas than KXMMK) 
light-years if nil its recognizable stars are included. There is ntrw 
good evidence that the wheel-shaped system U surrounded bv a more 
or less spherical haze of stars, and some uf the star* in the haze are 
50.rH.Nj light-years above the plane of tlie Milky Way, Probably this 
base extern!* morn distantly in the plain- of the *y>»t«m and, therefore, 
die diameter of discoid plus haste cimsidt-rably exceeds 100,000 light- 
years. 

On the other hand, the diumett-r of our system in its plane might hr 
measured a* only fiO.OOp light-years, or even less if we hud to depend 
<>n photograph to research equipment which, although coinpuralde 
with OUr own. was located in the Virgo supergalaxy, several million 
light-years away. Our outer stars might not register. When our tele- 
acojHis an? Lurried on the member* -if that, group in Yirgn wei can trace 
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„„ the brat of HUr Uuig-*XiW0iire pUU-J Hie larg-:< intttridwil galaxies 
only to u distance oi 10 or W thousand light-years from their eMttn, 
Either the® systems are very much pnjller than nure, or wc arc unable 
to explore Hu- faint regions that a« a* minute fr«m the nuclei as wo 
are from tmr nucleus in Sagittarius. 

It might tarn out, therefore, I hat the bird s-eye observin' fmm ilo- 
A mlrorimla nebula would report that our galactic system is no larger 
than die Atid^mt-da nebula; or, H tba research were rather casual, the 
dew might include only the nuclear portions of unr galactic system, 
which might. oven bo c i hlu pd as a spheroidal gulaxy. It ben we, in 
our turn, take a quick bird’s-eye view <>f the Andromeda galaxy, urnl 
measure its distance and dimunsioTis, wf immediately conclude that it 
ia much mu»H*r than -tve are. even though it is a giant compared with 
the average galaxy of oui catalogs. But when the over-all extent of 
the Andromeda galaxy i* Studied with precise measuring apparatus, 
we. dmibin the dinutnshins as first §<?im and conclude that it is not very 
much smaller than the Milky Way syutnin. 

5, Why is it that wo seem to be so biffed about the structure and 
dimensions of our own system, olthough tve bravely go out to difi- 
tun era of 100 milium light-years in our explorations of other gidaxiwf 
What ia so troublesome about measuring something that completely 
surrounds ut nod Is near at bund! 

That <]ui^ti-in finally brings out otic fee Mira of Milky Way structure 
which must lot dearly seen nt first glance by the observer In Andro¬ 
meda, loit which lorn taken us many years and much labor Lu discover 
and partially evaluate. Tills hade feature (mid difficulty) is the pres¬ 
ence throughout the Milky Way, especially near the Milky Way plane, 
of interstellar absorbing materia1—dltrt and gn,-. scattered anil iri 
clouds, around the stars and in the spaces bstwsen them. Our vi.-fioti 
is not clear; simple- geometric relations between light and flhiaiice are 
incorrect because our obsorvifiE station is in a fog that unevenly dims 
the light of the surrounding saara. 

Gradually wc *re learning through studies of colors, and otherwise, 
bow io make corrections for the interstellar absorption. It would mu 
he difficult at all if the absorbing material were uniform. But the 
clouds of absorption are irregular. It is supposed that Statu- uf the 
greatest- irregularities would be apparent to the Androriiedau observer. 
At any rule, our own bird’s-eye views of hundnuts of external galaxire 
show immediately the dark lanes between spiral amis, or across them, 
which indicate the interstellar absorption clnnda that irregularly dim 
the star fields of those distant stellar systems. 

hi summary, our imaginary birdV-eyB view lit*.- 1 revealed our system 
as diftftfdal in >1 L main liody nf stare, probably surrmimted by ft thiuly 
jiojnilitlf.il spheroidal ahdl and dominated by a massivt- globular nil- 
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cleus, which is some 30/KH) light-year* from the &un in an accurately 
mretsurable directiou. Less certainly the view disci ose* ttuiL tin- Milky 
Way system is u spiral, jxwkaps more open in structure than the An¬ 
dromeda galaxy; it is relating at high speed, hut, oven so, ii million 
centuries or possibly more will be required for the sun and its neigh¬ 
bors to complete one circuit, to dick off AH> conmic year. Uncertainty 
remain* ns tu ovor-dl < limenflhmo of the (ittroith) galaxy and of its 
stellar haze, nud this uncertainty arises in part from the existence of 
light-utaorhing. mostly non luminous, interstellar material ami from 
its irregular distribution and its ilisuimilar elTectirenes^ on light at 
various wave lengths. 

If, fora hh«v distant view of ibis{mrt of the universe we gooff into 
space several million light-ycans in u special direction, (lie- Andromeda 
udiulaand our gal,act ic -yi.'m vl nuld look like a pair of galaxi*-*.*cpn- 
tuted by only a few diameter*. A nd in the same field, apparently also 
H part of oi»r local group of galaxies, would tw the great spiral, Mos¬ 
sier 33. A closer uwpectkai from this distant point, and a careful 
measurement of distance*, would liow several fainter gufnxie* associ¬ 
ated with those thru: large systems. Two of them would lie the faint 
companions of the Am lmmiHh nelmhi M^-sier 32 and NGCStt5; two 
of them would lie nor own ^ttidlil^cotupamrmSj the Largo and Small 
ClmuL of Magellan.; And them would Iks at least four other dwarf 
galaxies, two of them irregular in form, and two or tnoro spheroidal. 

The existence of this local cloud of galaxies, in which our system 
appears to he the big doimiiiiting member, seems to l» now beyond 
rpiestlon, but ihe census of its membership is not complete. All the 
known members rim within a sphere of u million light-yenis diameter. 
Thu-w unknown, or of uncurtain membership, include system!- wholly 
or partly conccuh*] by the duudK of ah-orpiion near the Milky Way 
plane. The rating of the great glut mint dusters is also tiul yet clear. 
A hundred globular clusters .surround «nir galaxy, apparently subordi¬ 
nate members of the system, but the larger ones, like Omega CenUUri 
tind 47 Tuesnae, should jsirhups hi- r^inkwl with tin' dwarf galaxies. 
In loud luminosity and in mass they are comparable to XGC 803, tlie 
faint spheroids I galaxy in the Andromeda group. Our hypothetical 
Andiunmlnt observer would probably ncurd at least these two giant 
clusters as dwarf galaxies, If our own procedure with regard tu classi¬ 
fying XOC 205 ware followed. 

Groups like the local "Wpergaiitxy" occur elsewhere in metagalaclic 
space. A (Iumii ridi darters are known, some of them with hundred* 
uf members, and n scur< or two nf -.mall groups, similar tfi onr own, 
are til ready on record. One such is u group of objects in Fornax, in 
which the brightest are spheroidal; in uur group line hl ightest galaxies 
nre spiral or irregular in form. 
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Pndidbly | hero ore dwarf galaxies in the Fm-iiux group, lill | > vt 
WO hv.e not identified them, nor have we found the Myelin me type. 
Beam*! of the general tendency of Liu universe to expand «** « lp 

galaxies uni group* of gain*** <“ fn>![l T J :i ' |l :' 1, " J ™ 1 ' '* 

bin I eventually we duill he able U> W.V 'vhtdi faint objects in 
«M member of Lhr- noperayatan amply by deter m ining fett wtocitus 
in the line of right. If the awpttrtd gdaiy is really »™* more iW 
taut than the average of the Fornax grewp> it will show a bigger rod 
ehift n in the spuetnun, a great****»My of roceeaion, and thus indicate 
the larger distance ami lb* Uf-nune-mbcrship. 

On every expedition into remote wroerfe of cxtregahictic £P nt ‘^ lt 
i fl necessary to wpnp ourerives with information on giant and **1*^ 
giunt tiara, The reason is, obviously, that ordimirj slaiN in ur o 
places arc not ivr.)filcJ on cmr photograph^; t livy an i««» *. mi- 
must Wurk with Llie guiiits- It may lw «f interest 1f> i im-nhr the al¬ 
lowing highly Intuit mate stars ami types of stare and te how they 
f imtribnia to knowledge of tin* jueluuahixy: 


1, Si I pel l 10 Vue 

2 . S Doradus 

5, Nnvne 

4 , ]■ t'ygni stars and others 

l $uptrn<nw-—* “Tin 1 mutft eniTgetiv catastrophe in xhu history of 
the world, ittilets ii it creation itwdf" i,~ how I "’oiihl describe the 
groat violence of radiation and motion that accompanies tfw «wor of 
I lie supernova. Simply del inert, n stljHtntOva result - when v .'■tar ldu«s 
up, IT be ther llro> <li glister is cu us-ei 1 or encol i nigei 1 by lie :t d - < n; col 1 i flion 
wilh anoiiier star or another something, or by the roHapse of the al ar.* 
strnefure, with the consequent atomic transformation of nuu-r into 
radiation, or “just haptens,' 1 we cannot yet say. More oWrYntsoinil 
data are needed and are tioiiig obtained- The result of a supernova 
outburst is ihv outpouring of light in unparalleled fashion a spurt 
of radiation the equivalent at times of 50 milliou suns and muiv. The 
buret of radiation lasts sometime several days, or wee^s, quieting down 
slowly as Lho months go by. What reniitisit after the ikrv*u|ri fet- 
hrip±- a digi» dubdururf star (.the roltopani core of tine origililil sun ^ T 
ptfliipsti htirr^ty exjwuidiiig nebula: perhaps just dust Mdeaht*,*™! 
the unhem filling up with the dying glow of ft radiant mouuruL 
Dr. Frit a Zwidty uf the California Intitule of Technology ha* 
l*cti the leader in recent years in the discovery of supernovae and in 
epee illation* concerning tlnmn He think* that m Uttttfl* uiid neutrinos 
play an important part in the aupefttuva pbtnoiwium. L oilamly su- 
ptmovu play a significant part in the history of lhe universe, Ihes 
are not too unixuniunn. About 4<> arc on record* niuwt of them die, 
covered in the past 10 years. Throe of them appeared lung ago in our 
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own galactic system, One hypoLlidta o f thr origin of tin* cosmic mjii 
lies \h?m top wills the vudeoM of the supernova. 

The inoet distant individual stars yet pbstopsplicd are nf the 
^ippmoTno tkt am in galaxies tens of miUion* of light-yea ra distant. 
When mnn? complete records ar« obtained we shall be able to see if f 
at maximum brightness, they are sufficiently alike bo that their appar¬ 
ent 11 men kilties at maximum can be user! ns o practical criterion of 
distuno. At present there seems to be too large a dispersion In the 
intrinsic luminodtic? to milks siipvmoYae ireful criteria in distance 
mitasnrcmeftt in the metagalaxy. 

Long before 1 supernova* w^nr recognised, and long before there was 
ilia faintest nation of their enormous a Lie as celestial phenomena s they 
played n very important part in astronomical development and in 
knowledge of the universe. For it happens dial: now stars suddenly 
Bppeii ring in 1572 and IG04 were important in the inspiration of two 
of the ercat astronomers of that time and uf nil lima—Tycho Brahe, 
the Dlluc. uinl JoSmnncft Kepler Hgw \ve know that the.-c stellar out¬ 
bursts io Cas-uupda (Tyclio% star J am] in Ophiudius (Kepleris *tHU 
n&m) were must probably super novae. Both *tara row to a brightness 
comparable with that of the brightest planet; both stars changed ex¬ 
plosively 15 luognit rotes or more, nn increase of brightm-^ of more 
(iiaii a mill ion times, 

A third supernova of onr galactic system was recorded by die Japa- 
ttv&s and Chines astronomers in 1054. The phenomenon was the 
parent of the present well-known Ora b nebula which is at ill rapidly 
expanding as a result of the eleventh-century dittstex-—elevetith cen¬ 
tury in out iwonfa, hut 5,000 years earlier on the cosmic dork 

— n# mpergitnd 8 Dowdui ,—The distinction of holding top place 
us a luminous star hits l^een the lot of an object it the edge of one 
of the open dusters hi die Large Magellanic ClotttL It is a variable 
r.Ur with average luminiidty half n million times that of the sun. 
It b aomfewft&t exceeds! in radiation ontput by snp^mova^, but they 
do not teat, whelms 3 Dormdsis has been continuously radiating for 
the past liulf century, pouring out more than KK) trillion tons of light 
[Wr minute. It must have enormous resources to persist at such high 
luminosity. I& it perhaps some very slow Ivjn?. of supernova! The 
vurbiiioiui we now observe arts irregular in character* but of no great 
moment In alleviating the expenditure of radiant energy. The q>*c- 
irum of the star Li of the rare P-Cygni type, which i* indicative of 
imusually hot jimrfura condition?. The Harvard photographic n^onis 
of thb afar do tint extend much before but of oourae there is 
little rrcison to suspect that 3 Do nidus has been the supreme su]H?r 
gtfini for only the past brief fit} yearn Recent photographs with the 
large southern reflector have shown that stars nearly as bright as 
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S Dormlns arc clustered around it, hut unfortunately all of them 
are difficult to Stndv because, notwilluttending their great intrinsic 
luminosities, (he intervening distance of J$m hght-yaate dims the 
light so that oven large Telescopes can with difficulty imLke dcmiLed 
analyse* None of ihe stars in the solar neigldwrhoud is unc-ren 1 
ag briolit af*S Doradus- 

3, Ordhutry new*—Several times a year, if we p*y c1«»» attention, 
we find new atari in «ur own galactic system, especially in uw direc¬ 
tion toward the galactic center in Sagitteriu* But daylight clouds, 
moonlight, and astronomic*! Inactivity contribute to our failure t-' 
record more than n few percent of those that we know, from sampling, 
must be occurring. These new stars, or ordinary novae boh a t* much 
like the superbovon described a bow But the no" a V 1 cn om e it 
uuii'li leas violent, mid a star is not sacrificed by each uutlmtzL l ' 
likely that the ordinary nova represents the explosive » ta 11 . 
the outer surface of a -«tar. There is some indication that before 
explosion the ordinary novae are slightly subnormal stare of orelmaty 
type. Perhaps this subnormality isut the bottom of the trigger m m i 

that sets them off, , . , 

But whatever the cause of the novae, it must be reem e im 
interesting phenomenon, and one that probably is important in t 
mineral history of star* In our own galaxy, and in the neighboring 
Andromeda galaxy, these novae appear ho frequently that when one 
thinks back over the past billion years that Urn earth a crust htm 
existed, one conclude that very ninny stare have blown up-* bigc 
pmiwrtHro of ilium. Frequently we have remarked that novation f 
8,, common ami time has brer, so long that every' star might hare 
blown up once, or will explode during Lha next billion years—in other 
words, that evolution, or development, by way of the nova nut burst 
k a major and not a negligible phenomenon in this world. 

Evidence is accruing, however, that novation is a recurrent phenom¬ 
enon Four or five Stars have bwn tmvae more tban oure, and t wn of 
diem three tinns since 180k If thi* be die ime situ at urn -that ^ 
ni.lv stare of peculiar diameter become novae—«e may remain even 
more at ease with respect to the immediate future of ont ««u ll» 
character k good and normal We like to behove that lh.‘ ami i* 
and always will be only slightly variable (ui the sunspot iwnudj, and 
will remain quite deptfriabb, uU disturbed by ".t^tellarrk^ 
unsusceptible to nova-betting disturbance-*t knst for the next 
thousand ytan> while the astronomers are finding ou a _ f 
vcrse< A tun*-like change in the tain would pruiujil y wqie mogy 
o<! the earth, if it did not erase t he planet altogether. 

At maximum ihe ordinary novae are Bupergiant stars, niurL IJ1 
10 000 tiroes the Uiminofitv of the sun, but scarcely i percent as rtu iun 
asthe average supernov* Wlien novae appear b external gulaxiea 


142 ANNUAL REPORT SMITHSONIAN INSTITUTION", 104 2 

they eftn he u^i ^ distance inilicaurrs inruns? nt m i^imum Ijnfjhtims? 
trie ordmiuy no?# conus? to ibuut the >iime oaiidtafpowtr every tim& 
Comparing the HppuroiU. hrlghtuess with tin- rcul brightness* ihe ilis- 
rawee in light-wuis- i-jn n-jiiiily b* cfimpuU-4. Next to Uw Ci phi j-J 
variubies, novae are the best criteria for mi’aitiiriiig distitm of gul- 
providing Itw-ff! jir*Miiougb fiMitul ijj my giv*u bV^tviii to *Ldiil- 
Itfo the tftntistics, 

4- -SVmn oM™- mpfrgi -ffjO^'lVo or f hnw magnitudes fainter than 
tli- notuhLi: S Tkmuim in the Largis Magnllpnvc Cloud arc u muniu r 
r«f othemof live anna jwoulitiT q^ctram^ which ure icrmad the P-Cygnl 
type, 11w?r* is evidence, not quite conclusive, Unit these stuns aro re 
JateJ to the novae, diflrring uie>i corns picuoudv, of course, in (Jic 
property of remaining at high himiriuriths .uid not fading jiwny after 
lb- impulsive ifiitbuaib Blit in addition to tlie^ bluish hot stars we 
(hid in dm M agellanic ciottda wipeqgiiutt nd tinhr, almost ns bright. 
Some of them are variable, and MO» are, indeed, long-period Cepheid 
viirialik-, l(t,lxJ0 time* ns. bright as (ho buu. Many resemble the 
famous rod giants of our neighborhood, A marcs ami Ik-teigensc. A 
fciw gmaity exceed the local red superghnts in volume as well u» in 
radiation output. IMaiiittiers of the miter of Uw radius of Jupiter V 
orbit, volumes 1U million times Hint, of (he sun, an- Indicated. The^ 
pi’d'p)'»st.'f'.iis <li 11 nti -i‘ji h are derived by knowing the disijiiife of the 
Magellanir Clotul, (lie total cn mile]* over,; of these stipe rgicut stars, 
end the spoctm which indicate low efficiency as radiators. In order 
to give oat r,n notch radiation, the emitting surfaces jnu&t be exceed- 
iy large. The star S Domdus, on tils other hand, which is ■.more 
efficient radiator, is much smaller am! den^r ihun the Antare-lUte 
su[«rpi antis 

AifjiK-ent to ilii' Small Mugeliitni'' Cloud [■- the great gjubuhir clU9~ 
ler. -IT Tucmiae. already mentioned as an interned into between normal 
galleries mal normal at*f duster*. It* three hrighieit star* appear to 
ri' typical liuig-fii riiirJ riiriabli! stars. bin they are nut typical in one 
rosjject. 1 heir I mu mod Mrs it maximum ire three or four meg niluilis 
hiigiitcr than mntf lung-period variable stare, which utv typified by 
Mira (The Wonderful 1 Ceti, the first of kmwn vurinbh 1 *. H is pei ii- 
liar, too. Unit the tlurw* -fiipcrgifini variables in the cluster vine in 
iilmost exactly 1 1 it? aune magnitude tit maximum, and nil hm.. pcriodi 
uf about 200 days. This i- otic nf the cotnoideiifcs that the laws of 
chance do not easily condone; there iuii*t !* some ifccp significance for 
>lai i hi slur clusters in the uiittvmiJ performance of those snpcrgiatits. 

Ibitb blue and rod sujwrginnte appear ^orndutlfy in our own g u 
Ini (if -Vaicm: prohahjy tho occasionally detectable highly luminous 
slur-, in citenml giduxh s nj^u Ih-Ioj> i*: to various -.pectrul clnsscs. Dr. 
Hubble haa eficcLivety used the luminoriiies uf these inviuiahle itini, 
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ulnug with tin: available informal ion on (’upheld variables and ofli 
piry uovii<.- T to jtcl diu distances of galaxies that arc tied more than tt 
few mill tori light-year, away. If u galaxy ir n> mucli »» nnllii-ii 
fight-years jbUnt. even these sypcrgiiiiita ctumot be individually 
pbotogr»ph*d whh jmoi Wmatfa out! photographic K\w\nn.n. 
and resort nnwt be made t» other pbotomfltrk menu* of estimating dis¬ 
tances. Ordinary pant slurp, like Vega mol A returns, are not yrt 
photographed in any but tin very mnn-i galaxies, and ^ 111,14 uf ^ Vi>l 
np?e inBKi nnil luadno&ity, 11110 Lb* sun, have so far not Wn 
graphed outside our own pi lactic system. 

t he futdia of iwritairh on galoxfos ]>rob*bly depends not ■* much 
the size of (I'l.’scopca u m the speed am! resolution of photographic 
plate.-. and on oT her radial )• >u-register! ii|2 dcvti'i'S. Bill even without 
bitter facilities than ihuse ill present availably astronomer* have 
plenty in do in galactic research, for within much :itv million in¬ 
dividual slurs in our own gsitaxy. ami at least 10 uiiHiuti other galaxies. 
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So long as the earth was beloved to 1* tlie «rtL>r of the universe 
[},M question of life on other worlds could hardly MM®; ™ no 
„ther nvridt in (lie ustwmamcul sense, although a heaven above and 
n bell beneath might form adjuncts to this world, m* cynology or 
the ‘'Divine Comtnedm* b typical of its period. In 1^40 wo find 
Nicholas of Ciis:i conparmg our earth, os Pythagoras had done beiore 
him, to the other stars, although without expressing any ‘>1™ n " 
Lo whether these other stars were inhabited or not. At the end of ««■ 
next L-cnturv Giordano Bn.no wrote dial “there are endless partactUar 
worlds similar to this of the earth," He plainly stppuad *« hcr 
worlds—“the moon, planets anil other stars, which are infinite m 
number"—to bo inhabited, since he regarded their creation as evidence 
uf the Divine goodness. Ho was burned at the stake in 1600; had 
he lived only U) years longer, hia convictions would have been 
strengthened by Galileo’s discovery of mountains and supposed sea* 


on the moon. 

The arguments nf Kepler and Newton led to a general recognition 
thut the stats were not other worlds like our earth but other suns 
like our sun. men once this was accepted it bwwu natural to 
imagine f hut they also were surrounded by planets and to picture each 
Kim as b 1 lowering Iifc*su staining light end heal on inhabitants more or 
less hkr ourselves. In 1829 a New York jx-wspajier stored n great 
journalistic hit by giving a vivid, but wholly fictitious?, account of 
the activities of the inhabitants of the moon as seen through the 
telescope recently erected by Hit Majesty’* Government at the Cape. 

It will be a long time before we could sec whnl the New I ork papei 
claimed to see Oil the moan—hat like men flying through the air and 
Inhabiting houses in trees™—even if it were there to s-ee. I o ate an 
object of human sire on the moon in detail we should notal a !e!e- 
ceopc of from 10,000 to a 100.000 indies aperture, and even then w* 
should have to wait years, or more probably centuries, before tho air 
was still and clear enough for us to see details of human sire. 
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To deteei general evidence of life? u-rs t a ven the ncam-L of the planets 
would Janttiid far Ir^rpot 1 tokscopeg than anything at present in c*~ 
istcuc*, unlc^ this evidijnoe occupied jiii appreciable' fraction of the 
{iJjthHV surface. Hit* French iL^roftaniCtr Fbimmniion ouco sug¬ 
gested that if chains of light warn placet] <m (hr* Sahara mi n stiffiekuily 
gencn>U3 scak, they might lx* visible to Martian Miromjraiirs if any 
such there he* f f this Sight were placed so us to form a nintheinoticai 
pattern* intelligent M minuis might conjecture that there was- inlet- 
ligent life on earth. Flammimori thought that the lights might snit- 
ably ba Jirrar-goj to illustrate the iheomu of Pythagoras (Euclid* L 
47). Possibly abettor --i. lu'iin? would be n jjrtsiijj of e tied dipli t - which 
could vmit soerv^ive Ihmlus in rapix^ott of miushfn*. If. for 

iiietiiicc T tht- number :> fc 5. 7, II, 13 s 17, Uh 23 - , * (the Mifiwnoc 
of prime*) wen* irarirtnitiniJ, flic Mute Una fright infer the 

riistencc of intelligent Tellurians lint any visual licat ion 

1 M?t weeii planets wmsht need a combination of high telescopic power 
at one mul and of engineering worka on it colossal, although not im~ 
(HtfsihLe, scale at the other. 

Some aiiironnmer-—mainly In tlio past;—have thought that the «o- 
i idled L-anabj on Mar** pttffMi rvulimw of ]ufI thin kmd T iilthmigh of 
L-mme iinintontioitaLly nn die pan of the Bfariiins Two white 
pate: he* which anrround tile * wo poles of Marx art ciltserreii In increase 
nod decrees with the seasons like our teire^trmj polar ire* Over the 
surface of Mars sonic astronomers have dunned to see a geometrical 
network of hi might Vmm* which they have mterprrted aa a system of 
iefigtttiriii tannin, 4etigtred to being melted ice few these polar e&ps 
io patched equal urial rtgiom. Ffercival Lowell cakuliiUd Unit Lhi - 
could la* done by a pumping system of 4,000 time?-; the power of 
Niagara. Ii is fairly certain now that the polar enjfcs are md of iev^ 
but even if they were, tint radiation of the summer sun on Mars U 
so feeble that it could not melt more thuii a very thin layer of ice before 
the winter cold came to freeze it solid again. Actually the caps are 
'■hunted lo change eery rapidly and are most probably clouds consist¬ 
ing of some kind of solid particles* 

The alleged iiautiJs ciiimot be seem at nil in tin? farga.it telescojie* nor 
can they ho photographed, but tike re are technical reasons why neither 
of the**! corsMilerarinm b conclusive against the existence of the cuimk 
A variety of evidence tfuggesta, however, that the eaunb are mere 
subject! va illusions—the result of overtiming the eyes in trying to 
every detail of a never very brightly 111 unlimited sttrfiicv. Eijheri- 
ments with school children lmve shown that under sudi eirciunttances 
the strained eye tends to conned, putebes of color by straight lines. 
This will at least explain why various i s tto a 'ia n eri have clainied to 
see straight liiu^ ml only on where it i* juat conceivable iJiat 

there might cwuilfl, but uk<s on Mecuiy aiut the Inrge^t satellite 
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,,£ Jupiter, where it seems beyond the bounds of possibility that canals 
could i l u.vt tieeii ctm^tnictedL, us well as on Venus, on which reu! canals 
could dot [kjstdliily b; mm since its solid surface is eatiindy I Lttltl^n 
under clouds. It umy be significant ihat £. EL Burutird, purlupa the 
mo>t skilled observer that astronomy has ever known, ima nawr 
abk toaee the comds at all, although he studied Mara fur yeais through 
tho largest tebweiws, 

A more promising Hue of approach to our problem is to examine 
which, if any t of the planets is physically suitable for life. But wc 
m\- at once confronted vritb the difficulty that we do not know what 
precise additions are novv^sniy for life. A Unto Jin being tr ansferroi I 
to tht surfnci: «>f any one of (Jit? planets ur uf their wtonit^ wodJd 
db al once, and lids for several different neusons on, each. On Jupiter 
lif- wdu 11J be siintdtcmcoindy frozen* asphyxiated, and poininrd^ ai 
well m doubly pressed to death by his own weight and by an atom* 
phadc praaeuen of about a million terrestrial abuospheres.. On Mer¬ 
cury he would ho burned to death by tho sun s boat, killed by ultra¬ 
violet radiation* asphyxiated from wan £ o£ osjgen* Bind desiccates l 
from want of water- But this does nut l^h the question of whclher 
oilier ptaneta may not have ijcrdrqwr! apucii^ of life *uitr4 to their 
own physical conditions. When ^ think of ihr v:lsi variety of con¬ 
ditions under which terrestrial life mtxsK* on earth — -plankton, ivoil 
bacteria, stone bacteria, and the great variety of bacteria which are 
I iu nisi tic on l he higher forms of life—it would seem rasSi to euggusl 
that there are any physical conditions whatever to which life cannot 
adapt itself. Yet ns the physical states of other planets are 50 tiif 
fereiit from that of our awn* it seems safe te aay that any Hfo there 
may be on any of ihem must Lmj very different from the life on earth. 

Til® visible surface of Jupiter bait a temperature of about —life C, 
which represente about 248 degree of fro*; on the Fahrenheit fcvalik 
The planet probably eomprises an iimrr CWe of rock* witli a sfurnnimb 
tng layer of ice pome 1 BJ )00 miles in thickness and an atmosphere 
which again is several thousands of miles thick and exerts die pressure 
of a million terrestrial atmospheres which \vt\ have already mentioned. 
The only known constituent of this atmosphere are the poisonous 
gwm methane ueiiI umnuima. It is certainly bird to imagine *udi 
a planet providing a Imme for fife of any kind whatever. The planets 
Saturn* UrmuisH Kejpttuie, and Pluto, taing farther from the Mim 
are almost cartniitly even colder than Jupiter and in all probability 
suffer from at bast rqnat disabilities as ntexh^ of life- 

Turning him ward from those dismal planets, we come firs* to Mars* 
where we find conditions much more like those of our own phnet. 
The average temperature is about - 4 i} n which is also - 40 * on the 
Fahrenheit scale* but the trnifh-mim'i* run above fJie freomig point 
amisai—1.1 — -41 
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an p nmm wf afternoons in the equatorial region*. The atmosphere 
i'fjiiiuiup ut most only small amounts of oxygen unci carbon dioxide, 
perhaps now «i nil, so that there can be no vegetation comparable 
4 vitli that of the rnrth, The surface, in so far us >t can be tested by 
a study nf its powers of reflcotiiaii and pda fixation. appears to con¬ 
sist of lava and volcanic ash. To ns it may not seem a promising 
or comfortable home fur life, but life of soirw kim I or other may be 
there nevertheless. 

Being at the same aremjpa distance from the smii as the earth, the 
mrou lias nbout J lie same average tempornhire, hut the vurifttinna 
around this average temperalure are enormous. the equatorial tern- 
porohtro varying roughly from 120° C. to -SO* C. The telescope 
sjnm- high ranges of mountain*, apparently volcanic, inters pursed 
with flat plains of volume ash. The muon has no atmosphere and 
COCseqttHtiiy no water; it shows no signs of life or change tnf any 
kind, unless perhaps for rare falls of rock such as might result from 
the impact of meteors falling in from outer space. A -mull town 
t*ii the ium»n, perhaps even n large building, ought to be visible in 
uiir largest telescope*, hut, necdlesa to say, wo see nothing nf tho 
kind. 

Venus, the planet neat to the earth, presents an interesting prob¬ 
lem, It is similar to the varlh in siw but being nearer the sun is 
somewhat warmer. As it is blanketed in cloud wo van only guess as 
to the nature of its fnrfnre. But its atmosphere mo he atudfetl and 
is found to contain little or tio oxygen, so tit at the plmti’L'.-, surface 
can hardly be covered with ngetation as the surface of the earth i*. 
Indeed, jfa surface is probably so hot that water would boil away. 
Yet no trace of water vapor is found In lIic atmosphere, so that the 
planet may well fa- devoid nf Wider, Them am ranwng for thinking 
that its shroud of elnuds may consist of -'did particles, possibly 
hydrates nf formaldehyde. Clearly any life that this planet may 
hai-bor must he very different from that of (he earth. 

Thi) only planot that rctnntns is Mercury. Thic always turns the 
some face to the sun nod its temperature ranges from about 420 ,J C. 
hi i he center of this face to umtnaginiible depths of cold tn the ciernal 
night of the fare which never secs the sun. The planet ie ton feeble 
gravitationally to retain much of nn atmosphere and its surface, in 
mo far ns this can lie tested, appears to consist mainly of vulcanic nsh 
like the moon and Mars. Once again we have a nla.net which dues 
not appear promising as an abode nf life and any lift that there may 
1 m must ho very different from our own. 

Thus our survey of the solar system farces us to the conclusion 
that it contains no place other than our north which is at all suitable 
for life at nil resembling that existing on earth. The other planets 
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nrv ruled out largely by unsuitable temperatures. 11 used to i>e 
thought (hat Mare might have luid a temperature more gutted to life 
in seme post epoch when the sun's radiation was more energetic ihxn 
R now is, ami shat similarly Venus tmn perhaps look forward to a 
more temporal? climate in some future a|{0. But these j Mobilities 
hardly accord with modern view* of stellar evolution. The stm is 
now thought to be a ctunpamlively umdinrsging st j iMmv, which \m- 
nidinted much as now through the greater part of its past life and 
will continue to do die same until it change catntdy-Tnically into si 
minute "white dwarf* star. Whan this happens there will be a fall 
°f tempera Cere too rapid for Life to survive any when- in the solar 
^yvUmi and too great for new life ever to get u foothold. A* regards 
suilability for life, the earth seems permanently El. hold a unique 
(>oaition among the belies surrounding our sun. 

Our sun h T however, only one i*f myriads of stars In space. Our 
own gttlasy alone contains about 1 OO^fKNl million stars ami (here are 
perhaps 104X30 million similar galaxies in spare. Stars are about 
■is mi men ill ^ in spare ilk grains of *nnd in the -Snlmm. What celt we 
-ay a Unit Elic possibilities of life on planets surrounding these other 
tom I 

\\& want lirat re know whether thcsi 1 phi nets exist. Observation..!] 
astronomy can tell ns nothing; if erery slur in the shy wore siiTTOtitub'd 
by a planetary system like that of our mit, no teh-senpe on earth could 
reveal a single one of these planed Theory can tdl m a lirlle more. 
Wbilr there is some doubt as to the exact, manner in which the sun 
acquired its family of planets- all modem theories are at otic in sup 
poaing that it was the result of the dose approach of another star. 
Other Stare in the sky must aim experience similar approaches, al¬ 
though calculation sdiews that such events must tie rxcos^ivcly rare 
Under conditions like t how which now prevail in tb® neighborhood 
of tile sun, a star will ax[jerienre an approach eiam enough to generate 
planets only about once in every million million miMiun ymt$. If we 
mip(KHc the star to have lived under these eonditkms for about 
3*000 ini Hi on y&ara, only one fetor in 500 millhui will have experienced 
the necessary clnse encounter, that at most one ^tur in 500 million 
mill he sumo muled by planets* This looks an absurdly mi mao fraction 
of the whole, yet when the whole consists of a thousand million null ion 
milium stare, this minute fraction represent* t w<j milli on million -.t ire 
On this eaodation, then* two million million stare mn>i already be *ur- 
nmnded by pinnate and a new solnc system i* bom every few hour*. 
Thi* calculation probably uml* many adjustments; fur iistance, cm h 
datums iwur uur *un are not iitxussrtrily typse.ii! of conditions through¬ 
out space and the conditions of today are probably tmi typical of con¬ 
ditions in past ages. Indeed, on any reasonable view of sUdbir nvnln* 
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lion, ttd) stiir mnffl have l*gnn Hs life as * VMt H»W» of Mfenlous 
gas* in which stare it would pi ea en t a for more vulnerable target than 
ttoW fur disruptive attacks by other sun. Bel ailed calculation shows 
that the chime* of u star’* producing planets in this early stage, 
although nut large, would bo quite considerable, and suggest*, with a 
large margin to spare, that although planetary systems may be rare in 
space, their total number is far from truygnificsutl, ° ut 1,f ,fl ° 

Kinds or millions of williwis of planets that there must sun-h - in 
space, a very grrat number must hare physical wu ilil.hu is very similar 
to thnsa prevailing on earth. 

We cannot even guess whether these are inhabited by life tike our 
own or by life of any kind whatever. Hie same chemical atoms exist 
there as exist here and meet hare the mam properties, so that it is 
likely that the same inorganic compounds have formed there ns have 
formed here. If so, we would like to know how far the chain of life 
lias progressed, but present-day science can gi ve no help. We can only 
wonder whether any life there may be elsewhere in the universe lias 
MH-reeded in inanugihg its affairs ta-uer than we have done in recent 
years. 
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Fur u week before the great aurora of September 18, iWt, with ihc 
attend*) Jit frtde-aprwi disturbances to radio comimmicutiun, tin* mu 
had been her aiding the «veuL Although the Eajiuipofc eydt ha^ been 
definitely on the wane since IE37, the weak preceding tbs IBth prt^ 
[=i! nr id one of the largest groups of spot* seen in fmiU years* ao con^ 
spiciious* in fsut* that it was visible to the naked eye through suitable 
dark glasses "Hie forecasting of interruptions to radio romnium^tmn 
b of increasing srignificiinee in these days of mtioiiid defense, but the 
ability to foresee communication interruptions bus been a recent result 
of iutfmficd interest in the dduy of relationships between solar di»- 
turtmra:^ mid tenratrlal ittinctpherk coitditiima. 

The sun is ii typical blur of rather ordinary proportions, but Ijecawjo* 
i>f mir proximity to it, the mn is the unc slur upon whose rudiiif inn* 
activities on the earth are unalterably dependent, Military campaign* 
ns well as agriculture since the dawn of civilization must be governed 
by r.lie reasons for which the changing declination of the sun is the 
major astromonical factor. With the conquest of the upper air for 
ftunspotlatmu and the use of atmospheric electric waves for world- 
wide radio ramjuutucaliun, the study of the suits mdb tbus in rslatum 
lu our aiiui^phm^ has become an astronomical problem of far more 
than academic interest. 

Ku l n day passes hut that our United Stated Naval Qbservatttry in 
cooperation with either observatories has a complete photographic 
record of the conditions of the sun's surface. When a huge solar ntonn 
is in the making, communication agencies arc forewarned days hi 
advance of pi^babliy porbda of interrupted radio reeept ion. The queif- 
tioii of the rein Lion of smtspote to tin? forecasting of weather is still 
in a controversial stage! but meteorologist* ace beginning to nutli^ the 
inmwdtig tdguificiLiiLiv of condition* in Ihc high itmosphcre to the 
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lower regions in which our weather iippcara to aria:. All wrathor in 
fundamentally traceable to solar radiation, Tito amount tint! tbo char- 
actor of thb radiation, particularly in its relationship to atmospheric 
pliottoiuon.il, jiMrUs more detailed eonaidarnt ion, 

From observations at tbo Smithsonian Institution, Llie amount of 
energy that the sun emits has boon measured with such precision that 
we know not only the quantity of heat nud light emitted, I nit that this 
i[U!uitity varies from time to time hy some 2 or 3 percent. 1 hr aver- 

energy received by the earth ■from the sun is about 430 million 
million horsepower, Berauaa of the relatively insignificant size of the 
earth, and also the great distance that separates us from the sun— 
a distiinci.' of 03 million miles—our planet Can intercept Ijul about 
writ tw>-bi Month of the total solar output, Even if we stop to 
consular what the wt to us would Ik; were we dwirged for a ymr* 
service of licut nod light, from rhe Solar Utilities Power and Light 
Company, we would find nur indebtedness mounting to staggering pro¬ 
jections, At ji price of cents per kilowatt hour, the nunnnl budget 
that would hato to be allowed for sunshine for the continental United 
Stales alone would represent an eipeudilnre of 82T quadrillion dollars. 
Sri, li figure- ure indeed dlfllculL to imagine. If we change our picture 
ion tnoiie restricted one, wo enn say that the cost of sunshine for Greater 
New York at the above figure would amount to appraimutely 100 
million dollars- for the average day, Fortunately for us, millions of 
years ago this simn: tun shine provided the energy fur growing the 
vast tropical forests of the carboniferous era. The ■ nrbon in those 
fallen tree trunks that we are mining today in the form of cOtd together 
with the water power provide! by the vast irrigating systems main- 
ruined by (be stmls radiation is liie source for the maintenance ol our 
public utilities and Industries today. It is an interesting question as 
t,, how long ilia ?;ua can maintain its prevent output of radiation and 
how fur into the future we may rely upon ils ability to furnish tm with 
this all-essential source of energy. It apjieare prolan bb< that within 
the hot interior of the sun, winch may he estimated in terms of millinus 
of degrees, an atomic trail smutatioTi is faking place that 1ms been going 
on for million’ of yearn and is likely to continue for a long rime to 
come. Through an ingenious carbon cycle recently worked out by 
Professor Bcthe. of Cornell University, wo picture tlu? ultimate irons- 
format inti of hydrogen into helium with the continual release ol 
energy in the form of radiation ihai represent a loss of iamb to the sun 
of some 4,200,000 tons every second, We scarvtdy need worry, how¬ 
ever, about th c deter io rat inn of the fuel supply while the hun has about 

tons of matter still left in it , 

If we analyze tbo radiation from the sun wo discover (hat it covers 
a wide range of w a ve length*. Certain of these wave lengths or fre- 
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qucxide* produce their own special effects wpon die earth and its 
atmosphere* 

We are all familiar with the fact dial if sunlight is split into 
its colors by means of a ^ptetrossrope wo can see a large 

variety of ihe radiations represented by die various part# or colors of 
tho solar spectrum. Tlu* visible range to which the eye responds 
reprc»eitts frequencies eskttidi-itg frum 4l*Q million million cycles per 
stolid to a frequency just about double ibis, or 800 million million 
cycle* per obowhI. The taxation of die higher of these two Irapioii- 
ciest is that of violet light*and the sensation pmhicod by the 400 mil¬ 
lion mill ion eyda frequency fa that of rk-rsp red light. In between ihe^j 
two extremes of die spectrum fall the Intervening colors, Bui outside 
this so-culled visible mug® to which the eye responds there b m vast 
scale of radiations both bpyond the red end of the spectrum, which 
we call I he infrared, and fur down below the violet, which we cull 
the ultraviolet. 

fly means of die photographic (dat^ wu can extend (he map id 
the spectrum in either direction,, Fur out beyond the red end nrv 
heat rudiutions from the sim that may t m measured with the thurmi^- 
pile or the bolometer. Today much research is being done In measur¬ 
ing the ex t nemdy short waves, or high-frequeiicy radiations out beyond 
the violet, for the ultraviolet is coming to have mere using import imre 
not only from l.lis? point of view of h-cuhU but from 1 he [kind, of view 
of the radio eiigiuoen 

The simiighi which we measure or analyze at the earth 1 ? surface 
ii% however, seriously modified by the ultforpt-Uib introduced by the 
comaituciitH of our own atme^phertw A~ we till know, ihe writs 
atmosphere consists of nearly Vi oxygen and % nitrogen. There m a 
sprinkling of carbon dioxide with r\ bit of argon, neon, crypton, xenon* 
and a trac* of helium. Here at the earths surface we can count on a 
Hltlfc mom than 1 percent of water vapor. For a thorough mixing 
of the dements of this utmuspherr and the ituunteiiaiKa? uf ik tempera.- 
lure m well as the variation in its temperature, we rely upon tho ran. 
Occasionally wa Jl&yc vividly impressed upon Us the rdattmi*hip of 
our attnoaphora to disturbance on the sun, by display,- uf aurorae or 
the Polar Lights, often flaming gorgeously ret! and stretching 10*1 
miles above th® earth. These glowing electric: discharges advertise 
the lofty air swarming with (h* traffic uf electrons,ions, and partides, 
jostling one another hm they are excited by radiations from the mm 
peculiar to the ocmfmm?* of sunspot activity. 

Observations with the s]J®ctroseope indicate that there is muds 
radiation at dir extreme ultraviolet end of the ipedrma to which 
the earths amuHpliem is completely opaque* A great deni of the 
absorption of ihb region of the solar spectrum of very short wave 
lengths is caused by a lay it of ozone which exists at an average height 
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„f about 22 kilometers, but which probably occupies a region extend¬ 
ing from 16 to 36 kilometers. If nil the menne in litis region were 
i<> I*,, brought to tlic standard conditions of temperature and preaturt 
of our atmosphere at Urn earth’s surface, it would represent n layer 
of only 2 to !* millimeter* in thickness. Yet this small rnnuunt of 
trmnf. is the defense between us and extremely dangerous radiations 
tn the ultraviolet region of the sun’s light- Were the alisorption, 
however, of this region nf the solar spectrum even a little greater 
than it is, we should he deprived of that small amount of ultraviolet 
light fi)taring through our atmosphere that is so essential for health 
■mi) the production of our sunshine vitamin D. Whether or not 
variations in the sun .* radiation are sufficiently great or changes in 
the absorption of the catiU’e atmosphere sufficiently targe to bring 
about dangerous variations in the produetion of vitamin D in living 
organisms at the earth’d surface is an intonating question for specula¬ 
tion and for investigation. 

We can be confident, however, that it is a fortunate omubinaiiosi 
of the sun and our atmosphere that make? life on the earth possible. 
Tin- sun noi only radiates its hea 1th-giving sunshine, but it sbo emit* 
literally death dealing rays. Were it not for the protecting shield nf 
the earth’s atmosphere, the sun would be the nnnihilator of us all. 
The atmosphere provider on the one hand oxygen for maintaining 
life, and on the other hand protects us from tire highly penetrating 
mys. It is a sort of a buffer state, the very tnp of which receives a 
violent bombardment of high-frequency radiations from the sun. and 
the lower layers of which form a blanket that ennblet the earth to 
retain during the night much of the warmth generated by ilic sun- 
bhino that has penetrated through it, thus mitigating the extremes of 
temperature between night and day to which thr earth would other- 
wise lie subjected. 

If we look at a cross section of the earth’s atmosphere, it may for 
convenience be divided into three zones or layers in which the slrato- 
sphere occupies the middle ground* Tito region below l lie strato¬ 
sphere is (hat which contacts our immediate surroundings mu. 
provides (he vimls and atmospheric currents, giving rise to all our 
weather, Wei call this lower region comprising perhaps the first •> 
or d miks tho IropojpherB. The region above the stratosphere is 
thr ionosphere, if we send a recording thermometer aloft, we find 
dial while passing through the troposphere the temperature steadily 
falls until a height of Id or 12 kilometers is reached, when the 
temperature reaches the extremely low value of -55 6 C. t nr ~omc 
6$“ below zero Fahrenheit, Strangely enough, for the next 30 miles 
or so there appear* to la* little change in tempera lure. This is the 
region of the stratosphere. The weather forecaster for the str&to- 
hjilmro would have « relatively simple task- for day after day. year 
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in and year out. his prognostications would be and cool, and 

his forecasts would l» 100 percent wrrart. At a I (Sight o£ 00 kilonie- 
tens or some 40 miles, the temperature would begin to rise again. 
Keeent investigations give some evident* that at extreme height*, 
tip where the auroral fires play, temperatures of 1,000° C. have 
t<» he jKistnJated to account for tbs presence of the womd oxygen 
Is there, The extremely rarefied condition of this upper at¬ 
mosphere, however, calls for perlia] h a quite different interpretation 
of temperature than that to which we are ordinarily accustomed 
when determining temperature? by the thermometer at the earth’s 
surface. 

Ascending through the cross sections of the atmosphere, we find 
there is a rapid decrease iit tine amount, of atmospheric pressure. 
Within the Aral 3 miles from the enrthh* surface, half the total 



amount of oxygen ami nitrogen, the principal litmus phene iiigredi* 
cuts, are included. The limiting height to which the thinning 
atmosphere extends is. somewhat difficult to fix, Perhaps we h I ion Id 
place it at 200 hi 300 miles, although recently Dr. Cod Stunner has 
observed auroral streamer* reaching to iwights of COO kilometer? 
tir more. Where auroral streamers go, seme of the thin atmtuqilwre 
must extend. 

If we make a chart of the number* and occur fences of aiumae we 
find there seems to be n curious connection hot ween the frequency 
and brightness uf auroral displays and the state of the euii as marked 
by the appearance of suns puts. Professor Brooks. director of the 
Blue Hill Observatory, has kiudly allowed me acres* h> the records 
tniulr of aurorae at that station for the la*L 30 years. Utilising 
the ciUfervulions uf the brighter aurorae, we may make a graph 
allowing lire variations in tire amoral frequence.-^ occurring in years 
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distributed willi rcsptvl tu Ike m mim iiiii fx-currences of sun^potf*. 
Tim fewest number of suroraa appear to occur frotu l It) G years 
before or after the year?; marking suns] Nit maxima. The (into when 
aurorae apjie&r most frequently would rt-in In lie aWlt £ y«r» after 
the pacing nf the maximum of ottrapoitt. Thes? remit* cuiTuboralfi 
rather mill those of a longer series of observationa in bn In ted by J.rr. 
Chree extending for over 100 years, or from 3750 to 187T. 

Tiie fart tltai aurorae occur with far greater frequency during 
years when sunspot* an) more numuruua than during the yews when 
them is a scarcity of sunspots suggP’U that the duo tried cd«t in 
the uppr ■ttino<pheiv is something for which n disturbed solar 
iiurfaiMi U respoimiHo. There is, i Witte, n good reason for the 
fort that the maximum in the auroral displays occurs a year or two 
after the jtsr of most, gwnspot*. As sunspots begin to wans in 
numbers, they are nevertheless occurring ia regions progress]wely 
nearer the solar equator, ami as Hie "un"s equator is inclined but 
slightly lu the plane of the earth's orbit, we may draw the inference 
that sunspots are most vffeetirely iunvialed with (he occurrence of 
aurorae when, other things being oqual, they are most nearly in the 
geometrical plane that the earth i. revels in its journey around thfi 
sun. 

Modi of our present knowledge of aurorae ia due to the exhaustive 
studies and mathematic") eakuiutions of Dr. Showier, of Bliudero, 
Norway. By careful analysis of the motion nf charged particle* 
In the magnetic field of the earth, he lure been able to ihdutv track* 
of ionization 30 simulating auroral forum jw In indicate very signifi- 
1 nnl.lv that such dUchnrjrt* in tho upper ntnmsplrnro an* indited the 
result of bombardments of electrons coming in from outside, wqrjwd 
by tJie magnetic field of ilia earth. In endeavoring to express such 
phenomena on an dec ironic hypothesis we may well took ni thu sun, 
therefore, for a consul mtUon of the elmracier of sui&poU und -o 
trace uny possible mechanism by whkh corpuscular charge* might 
be ejected in the region of the siinflJHb; Ihetnptdvre. 

IVhan wi> look at on enlarged view of a suusjun and anahze the 
light from it, we fintl ihui tin- dark interior center i~ surrounded 
by u turbulent area. Tlnjtagnipha taken iu the light emitted by 
hydrogen at a particular frequency reveal that there an whirling 
masse* of gq*. arranging themselves in veritable vortices. There is 
every indication, (lien, that a sunspot is in reality a tcrrifEc solar 
hurricane, h was in 1908 that the Into fir, George Ellery Bale, 
(ho founder ami director of the Atounl Wth-an Observatory, first 
oteerveil that sunspots were giant cjrluiiM in the sun's atmosphere 
'Ihev are indeed very similar in their formation to the tropical 
hurrj'.aue- that ofiginatii in the \h'si Indie* and sweep north ward. 
TV ilh photographic emulsion* made especially sensitive to the red 
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light emitted by hydrogen, there may be photographed on u moving 
film the entire solar surface so for as it is covered bv bright luminous 
Hydrogen clouds. Hie resulting representations of the sun appear 
very different from photographs mnke m wdinary light. Sot only 
iitv large don da of hydrogen gas discernible all over the mm, hut 
in the neighborhood of sunspots they often secW to lie ^wept into 
the heart of the spot ns if they were caught in the center of & whirl¬ 
pool. Such an appearance might I* presented by the top of a ter¬ 
restrial cyclone or tornado if photographed from a stratospheric 
balloon. The dark center of the sjwi forms the center of the vor¬ 
tex; the outlying shaded region lint characterises the so-eulW 
penumbra of the sunspot would represent the turbulence' bonier Lug 
upon the central funnel about which tho atmospheric parti vies aru 
rapidly rotating. Thus we see there is a close analogy between the 
meteorology of tropical cyclones ami that of sunspots, To carry 
the analogy still further, spots north of the sun'h equator am in 
general winding in one direction while corresponding spots south 
nf the wpiutor whirl in the opposite direction. If the rotation of 
the one is clockwise, that of the other is counterclockwise. Thi- 
again is characteristic of the dlffe resets of rotation of tropical hurri¬ 
canes on the earth originating in the northern and southern hemi¬ 
spheres, respect ivvly. 

Had it hut been for (he trick nf splitting up sunlight into igohiti-il 
frequencies by means nf the spectroscope, we should never have had 
pictures showing the existence of s'linr vortices such us we htnc 
today. In the ordinary photograph of the sun, the light omitted by 
every chemical element in the sun’s atmosphere is clamoring to tell 
its story. The reside is revetted in a rather jumbled picture of 
what is happening on Uiv twin. The spots show up a# dark region* 
only when the light-emitting power of iwny ole men! of the sun is 
ihiumged tu Hip vicinity of these violently disturbed regions. 

The qxwtroscope is very much like a highly selective radio re¬ 
ceiving set, The sun is a high-powered station sending out tight, 
broadcast in nil the wave lengths end frequencies. When wc look at 
the sun or photograph it with a telescope alone, we are using all the 
light and are, so to speak, operating n radio receiver which admits all 
frequencies tit once. Thus we get a composite but very jumbled picture 
nf what is kp|wning mi die sun’s surface «s far nfi del oils are am- 
corn ml. By means of I he a|)ecirie<up.> however, the plmtngrapliir 
apparatus, to continue mir analogy, must bo tuned to a single frequency 
mdi hs iho 470 million megacycle frequency that the red line uf 
hydrogen emit*. Tuned to this frequency die sptytroscopc stills tho 
tumult of all other elements and lots hydrogen tell its own story. It U 
then thot we obtain tho dear photogrnplis conveying so VkjiluLj fully thu 
detailed information about the vortical whirls around the solar storm 
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renters that would otherwise Ur lost in the jumble of too ninny stiury 

toilets. |. I 

It In? tong been known that the frequencies of light warns ire 
distorted if tbe re is u jwwerfu) magnet Ip field aurrouniling the light 
(range, 'Hits licit] been demoiurtraied in the laboratory shortly after 
the naan) for such a phenomenon bad. been given by Zeeman in 
1SW4, When the Mount Wltaro ohsenwfl fir-t examined and 
actually measured the frequency of light coming from the centers 
of sunspot*. it we* found to have changed frequency in exactly the 
wuy that light waves are distorted in the laboratory when a power¬ 
ful electromagnet is pJacfld around the Munw of light U nig rx 
amtiicd. If addit ional proof were needed for the explanation of the 
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•'bunged frequencies. it may U- stated I hut the double and triple 
lines found in the spectrum of summits indicated tbit the light 
was polarized just as in th>- raise of the polarized light waves routing 
from the laboratory source upon which the magnetic field is im¬ 
pressed. Thus came the startling revolution that sunspots wore 
not only terrific hurricanes lint every center Was in itself » powerful 
mugnoL Since a magnetic field nuiy exert a repttlsiiig effect upon 
swiftly moving electrons, we see some reason that charged electric 
particles can be actually hurled from sunspot centers at velocities 
which may carry them through space into tin- earth's atmosphere, 
thus ionizing the upper regions of the air in a wav that would 
produce auroral displays. In the light of mieh n mechanism. there- 
fore, we see a possible reason why aurorae occur in greater numbers 
and at greater brilliance at times when there sol nr storms oomr 
most frequently. 

With the new unsurpassed equipment installed at the McMitih Hul. 
hert OWrvatnry of the University of Michigan, motion pictures of the 
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atm's surface haw liecn made on many different frequencies of the 
sun's radiation. Th«e ri ru? mat ogre i tide hM-ords premise i™>re material 
f ttr tltt intense study of the behavior of thf solar surfaro than has ever 
before been available. Some of the movements in the high Hi lur ul^ 
mo^fhere over tlie region* of sunspots revealed by this n*W process of 
recording wntinufrtiB motion nl present defy explanation and may yet 
complete!* rewlutioniw <>ur Mens of the sun^ behavior pattern. 

Pertmjw the terrestrial effect (hat histnwi nearly paralleled the sun¬ 
spot well' is tiio variation in the siuteof the earths magnet ic field. t to 
-.■ . ]■ 1W veovs, it lui* been definitely known that the direction of the 
eompttfii needle ami the intensity of the earth's magnetic Held dtow 

definite relatioiudiips. In die years when eimBjwls are most.nenitiu 

magnetic disturbances ary moat frequent and appear with marked im 
tensity. Hie years when omiapQfa are most numerous follow with 
more nr lt *3 regularity tin interval of somewhat over a decade between 
(he times of maximum sunspot activity. This solar cycle. or sunspot 
period as we Eomeiimes call it, i?= usually conceded In he on the average 
of aljont It.a years duration. An «x*nii»nt.im uf a graph n 'U sho" 
that sometimes the Interval between maxima may be ur short hr n 
yen re and on ocOO»nn as long us IT years- 

The last maximum of sunspot was passed in 1037 and we ars well on 
our way cat (he down side of ill* cycle. It was not until the more 
recent discovery of an ionised region in the tipper atmosphere uf the 
I'iirLh that any real explanation appeared a* tu why amutputs and 
d magte in the earth* magnetic field should show so close u para helium. 

Everyone knows hi a general way that the earth is a magnetic sphere. 
That the compass needle doe* uni jKiint true north except in various 
restricted port.- of the globe la also a fact which is pvnerally recog¬ 
nized, Perliajis comparatively few who ura nut gwroogneridana 
realize that the compnw needle is constantly wandering buck and forth 
every dsv by s slight amount. Wlieti tne sun risfti in I lie east, die north 
(Uid of die compass needle turns slightly toward that direction, !ly 
noon when llie sun is south, it ta pointed in its normal posit ion. Then 
in the afternoon, as tiw sun wanders end sets m the west, die compass 
needle wanders Iflwiwiso to the west, earning buck again to its normal 
position about midnight when Ibu sun is hvlow die northern Uorieon. 
This goes on day after day, month after month—hut during the years 
when sunsjwts are most numerous these daily exuurwomi of the com- 
jaiss needle will on the avornye Iso twice a? great as during die yeare 
when sunspots are lacking. These diurnal wanderings of the compos, 
needle can iujw be roughly explained us duo to the effects of jonisaiticiti 
of thn upper atmosphere by sunlight. the electric charges Lwcome 
cepn rated in the pinn'cs?, of ionistiitiun f the omlec tills* of nitrogen and 
oxygon under the bombardment of ultraviolet light from the sun, 
the movements of those ions create a perceptible current, deflecting 
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the pfflnp jjg* needlo from it* normal magnetic posit ion. 1V< nui> mb 
therefore, that ut times of wmaihot maxima the number, of these imt* in 
the upper air is materially increased, producing a mom marked mag¬ 
net ii: effect. Tlie sirvngth of tlie magnetic field of the earth, therefore, 
may l*e etue-idured as increasing nnd decreasing with the variation in 
the intensity of the ionization of the upper air that dinugea with sun- 
jijiot occurrences. Most of our Imon'lcdge of tlie ionized region has 
come about through the invention of the radio. 

In thu early days -i irirelo*. it m thought, that i-lwlriv wave- 
whicli carried t-legraph uncages v-it hind win* travi-h-d in straight 
liars over the earth, jjii'-t us light wave- do. With tin-, conrvpijtui 
one could never hope to wrntmunioate oyer very groat distances, sine*' 
the curvature of tin- earth would prevent the passage of the wares as 
the earth's huge bulk bulged into the com nmn icit ion path, 'flic curlier 
wirslefiS engineers thought Linn only by building higher urnl higher 
i.r.ti rjfia tamos cottid one ultimately hopo to cumin uni cun- over tbfi 
thousand* of miles that would niakutranmcsanicwtraksa possible. 

Of course, these early crude notions about Lite way in which electric 
waves travel were erroneous. Such, naverthdr-n, is the iv ay in which 
science im- groped into the unknown. Somebody experimenting w ith 
wireless and listening in found himself quite tmoonscinmdy eaves¬ 
dropping on Marconi waves from the other side of the Atlantic. 
Instantly the thought about how wireless waves travel Imd to lie 
changed. Evidently the electromagnetic warm: followed the CUrntttllv 
of the earth and did not travel in straight lines after all, This Zed 
Professor Ketmolly of Harvard to postulate that there nnurt exist high 
idiuve the oerth’e surface, perhaps 100 miles or so up, tin electrified con¬ 
ducting layer from which the electromagnetic waves emitted from the 
powerful antennae wore reflected back to earth. Tin- earth’s upper 
atmosphere, therefore, in his mind formed n conducting layer and 
imprisoned the radio whtch between the eartiiV surface and sqiace 
outside. A few months after Profe^ir Komellj published his 
hyputhfe-is. the English scientist) Oliver Heaviside, announced a simi¬ 
lar conclusiun quite independently. In honor of these two distin¬ 
guished tuen this upper region of the earth’s atmosphere that is 
electrically ionized is commonly referred to os the Ki-unrily-lfamdib- 
layer- also designated as the E layer. 

If we look at a diagram (pi 2) which presents a vertical section of 
ilie earth and its atmosphere. we see that this K eutti’I ly-Heaviside laver 
eoists at an altitude of from 1«> t»> 13d kitttnetero. Radio waves 
emitted from a sending stilt inn in all directions arriving in this ionized 
region have their velocity and direction changed as they [H-netruk' 
further and farther into the region, until at length they arv licnt 
hack to earth again, reselling receiving stations huiulmU rtnd rome* 
times thousands, of milts from the smut* whence they wen- broadcast. 
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This rtgion lies fer above the atmleapliert' and generally ftbovfi the 
jrg !«,[, that ik usually regarded os that where ozone is moauftcturcti. 
Tlib E layer is particularly favorable fur reverting or turning back 
radio ■wares of the frequmcica which art must generally uwd for 
rommerciid broadcasting in connection with our i-ntcrtaimnenl pin- 
jrrtLfti>, Hsdio waves of much shorter wave lengths or of higher fie- 
i plenums poimtttdo ;uid usually inwerac through this region until they 
roach what appears to be another ionised region called the F layer, 
originally poutulaiijd by Professor Appleton in England This F 
layer lies soun- £<x.i kilometers high or in tln> icrrilory when? auroral 
smatnirr stage their gorgeous dthfilny. 1 *. If the ionisation of ibcst? 
upper regions is more intense as we near the jieriod of mnximuni sun¬ 
spot- activity, one might well d*peet that some change might he 
observed in connection with radiu transmission. 

Aaticipating a new field of research, n Boston radio engineer, 0. W. 
Pickard, and my-df became mtervated in ihe making of quantitative 
meastintments of radio reception during the snti .-1 ■■ -1 maiimum of 1028 
in uh endeavor to disi ovi r if such anticipated effecta on radio entn- 
niurnVution could he messnircd. After a few ycar.-r’ rjU^rvaiioii?. it 
appeared to Im evident rliat when solar activity increased the field 
strength of n Chicago broadcasting station observed in Boston notably 
weakened, whereas u> sunspot-n became less numerous iberc was a 
marked Increase in thu intensity of the radio waves from Chicago. 
A similar investigation carried on during the decline of sunspots from 
11 WO to 1032 Itrlworii Chicago and the Perkins OhnWnlorv of Dela¬ 
ware, Ohio, yielded dftta to indicate that with a decrease of sunspots 
from a monthly average of 00 at die beginning of 13311 to a monthly 
average of about ID in 1332. radio reception increased sixfold in its 
intensity. 

Continued oWrroLion.u of the Chicago-Hoston field strength!* in 
recent year 1 huve continued to sub hi mu iaie the general effect earlier 
observed. While there may i*r a W)0 jiercent change in the field 
sdrengtlis between a sunspot maximum and a sunspot minimum, this 
docs not mean that the dug ms of ionization in the Kennel I y-Heavlslde 
layer Las hoeii altered by this amount. The field strength of a radio 
wave at u given distance for a given frequency depends upon the angle 
of refleclirm or refraction which in turn h dependent upon the degree 
of tonixnf inn, Field •.ireiigth also depends upon the absorption of tins 
wuviss, which is a function nf the conductivity, Applet on has esti¬ 
mated from his dtsenraliims that the ionization and the electrical con¬ 
ductivity of the E and F regions in passing ficm sunspot nwrimum 
to sunspot minimum have shown variations of ,00 to Gu percent imply¬ 
ing that the solar ionizing agent (ultraviolet light) resjKnisiblc for the 
formal, ion of these regions in the ion inhere varies from 120 to ISO 
percent during the sunspot cycle. 
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We thus see Liwt radio becomes n sensitive and cstmmdy Ur+'fut 
tool in recording changes nf degree of ioniutim of the upper 
phrfe. Whan we observe radio field strengths at long distances wo 
are in a way tracing an integrated effect throughout tiro whole trails- 
mision path for a given frequency. 



I ioote 8.—Ireud u< radio dull] AireagUia ,</ WRhai rereireo m Hostm nwnwreo 
-■t i!.i netreicy i’Oi-tiMO. Top curve ;4 j rvt>re»mua hnnt>i! aaiiilisr* 

* 2 ? <n ?f* rv * n ", : rare* t<U ftpmrat* rartimoti in arras nf n«u- 

JUt Iniiintlt 0 to p in- rttlier sTile of the tun'a oqtwor; !««■ 

s t ra ree f«i represent, ran«tm In ru.Uo fl- U| HrrmsiL* t*mc**d f., r *u- 
al auil tllnrmi! mrihliiiM The fact that (Is* jmiv-sr tuire twrtitlKN ^InHelr 
mu^oi activity in I ho O’ to ±t(S 4 IWIH'S wsgrate effrct at sutor <lh turbans 
In areatrat when m<ob) at* tu *r aular raumor 


Allot lier way in whkh we gain i in puna tit in formation ws to tho 
'UjtsdTt'd ufxiu tin- upper ntnuHpficrc fa by making radio soun dmip . 
ti(itn day to day. This method, which hns been in ii<% for »mn> 
vrara at the Xu t ions 1 Bureau of Standards, at the Department of 
Tvrre«tr»al Magnetism of the Carnegie ItifhituUori in Washington and 
d ewbere, consists in sending up a radio fitilse of known frequency 
and recording its return from the reflecting layer. The time elapsed 
while the wave was traveling this path to the ionosphere and back 
is measured with high preciahm on an osdlltjgraph, Assuming tlmt 
tlte radio wave travels with Hie velocity of light, one ran calculate 
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from the elapsed time the height to whkh the pulse ascended before 
it was lurued bade by the rcawephere, 

Soundings inudc nf the kmtttpliere reveal different conditions cil 
vicious times, displaying marked change* in tile iunk density that 
are dependent upon the liiifir of ihe day and this scafton of die year. 
Routine radio soumlircgy include -.-hanging the frequency at which the 
radio puke is emitted. If the frequency is sufficiently incret^ed T the 
shorter and more peratmrng waves ntfsv pAmi completely through thv 
ionized layer and not return. When stick a frequency U attained, it 
is known as the critical frequency. 



1924 I9W 193& I9*i0 

Knurui: 1.—urfricnl- frafueflcircH fullaw *nnspc*K tjtrfve MiiriuiliciJ lij l-^otiTh 

tu-a litfl awn IB-. ^ 

The clow ndatiun between die observed critical frequencies and the 
rise and fall in sniar activity marked by amitipot numbers has been 
so apparent during the list 10 years that the National Bureau of 
Standnrds now uudertiLkes to predict moo ills in advance the best 
usable frequencies for radio cuiimiimieathm baled upon the stin- 
ppot cycle. 

C'fi&ttl—IS-13 
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During [Jit; last few years of sunspot activity, tin:re have been 
occasion* when remarkable fade-outs hire occurred is radio eimj- 
mu11i il-jj iion, In several of these in^tancles extram 1 ilinnry explosions 
have occurred on the ran aim tilt unnitndy with the interruption of tU 
radio -lommurucatum in (funeral. It would appear that the ijuonst! 
initiating radiation from the region of the sun where the** eruptions 
occur reaches the earth with the velocity of light mid of sufficient 
intensify to disturb immediately the ionized layer. Min Tuning the 
reflection of radio waves, and thereby resulting in these fade-outs 
which sometimes Jest for *n hour or more, Records at magnetic 
d*erviitones show that during $ttch instances characteristics of the 
earth* magnet ir field are likewise *nddcnJy altered. 

^ Could we visualize the ethereal substance of the ionosphere as WB 
TietialiKe the surface of the ocean, wc dioiild find times whsn u>n-ific 
*tonns were raging in this ionevt-phere, Here iwiR and rh-i t runs are 
iK'iug hurled hithur and you as through <?mn»i great elei*trinil wind 
Jdaycd upon its surface, emoting waves literally miles hip*. Fre- 
ijuenity the turbulence ullnirt* such proportions that no reflecting 
surface for rad in rommimiration sccujh poadbSo tit all. When dis- 
turbanist's on the ran sulfide, the undulottotiF in tins ionosphere w>av 
tjniet down and them is tt return, to more normal conditions fur colu¬ 
mn mention traffic through t ft tit ocean of the upper air. 

Wliile know Judge of the sun has halfied us to understand the 
vagaries of radio, we are I'nmiug tn f-r-c that radio ip oito of the most 
inifHirtant tonls for teaming about whut happens on the sun and how 
ijis-ttirhanciSK there nfTect the ions in this upper air. Perhaps some 
‘>ay, ei'cijj though the sky js cloudy, Wt> shall lirtvc a E-ufOi'lenl number 
nf reports? of radio conditions over the globe so that we can form a 
very good idea as to what i* happening on the surface of the sun 
Wft ’ V IU "^“h world-wide radio rommutikatirm behaves. 

I hIj];e' the teleH opr, radio apparatus docs not go out of commission 
w lisn the *-Scy in overcoat, for electric waves, of course, jutse through 
l e clrmrln as easily as ordinary daylight comes through window glass, 

< nil renting the exact method Or methods by means of which the 
>un prcHlucv-* all these electric disturbances of t|i L < upper sir with 
the concomitant magnetic variations in tho earth, we still h c k a 
f® 01 deal „f knowledge. The fact ilmt the ultraviolet radiation 
from the sun is (he major factor in producing this ionization appears 
ii reasonable assumption. Whether or not, in addition to the i-ifect 
of the ultraviolet light, streams of charged particles alra emanate 
troui the sun in the region* of sunspot* is perhaps still debat able. 

there is accumulating evidence that in addition to the wave mdm- 

11011 rlie tlwnf h *■>» * particle radiation that b primarily 
tt^wmsihlL-foriho violent magnetic disturbance such as accompanied 
ihL' marked solar activity of Easier week in lft-tO, The elaborate 
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mathematical work of Dr. Stunner* in calculating thus movements 
of hypothetical charged particles front the mm >t riking the upper 
atmosphere of die earth tuid thereby producing aurorae, would cer¬ 
tainly seem to favor the idea that corpuscular radiation of sOtub non 
is responsible for this phenomenon. 



I'tuutt ' • Cam- tiintriiii' t«iTMiwuli > n<v h’lwiwn -am*int mctlvttj; t^rre*trtiil 
uatnnttr ehan^es, diriarhamw hi tin* F Infer and belt) toeurb in tin immil 
'■A»l Iniinl |E litfo). All arc plotted iv 1:1. respect to ilaji In funr uml utter 
bright gltmrgv. 

We luive recently made n study of our last 10 years of recordings of 
field strengths from WBQM Chicago &« received in the vicinity of 
I lost on for days immediately preceding and following conspicuous 
auroral displays. CoruiiarUoiii have also Iwen made of the index of 
stinspoUcdiiess for the same intervals. It was immediately apparent 
from our statistical analysts that on the average auroral displays 



















































166 akxval iBwmr Pinrit^i^rAK m&tnmox, laj? 

followed by 1 day the higher value of mju 3 that un ihe 

average 1 loti dijE : liter I In- auroral di^pJiij occurred, tin? weakest 
field strengths on the 370 k<.\ frequency were monied. Since waves 
in the broadcast bam I are relumed from the E hyer of the ionosphere, 
it would appear tluil there is a definite log uf from 24 to 4£ holier be¬ 
tween the disturbances in the immrn] zone and the gTtaitnai deteriora- 
lion (lofii^tioti) in llm E layer. Ilad iu- -mtllur uieiifHirt'EUcjita of 
fkld J^lretigth^nt higher frequencies repp anting wav&i returning from 
the V layer, av might espcri :i similar effect l«* occur at an interval 
imcrniediute between the turn of maximum auroral display :md the 
t imoof nuttimum field U raftgths from (hr E layer. Such field-strength 
meiunirejiu'jiLs are nut availably hut fottumutlT through die courtesy 
of the Bdl Telephone Lafctir&iurie# we had uv&iLublr u record of their 



t rnmjnis&iftii disturbance- titer oceanic paths. Inking the reciprocal 
of these traiiEniiBEion-disiurbuice numbers, to have a a Index of trans¬ 
mission conditions comparable to the field-length measurements in 
the broadcast boniL A plot of thm* Irmndmadun disLurbum.^ for re- 
cejitinn from IhoF Jayur indicated a lug of roughly 12 hours after tin? 
auroral displays for Una mminium t ranitinisaM conditions. This pro- 
viili^ perhaps as den r a ccmJj mitt turn n* could have been anticipated for 
tomiatiun disturlmnjcfis burring more promptly in the F layer tTum 
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in ill*' K lnyer. The carve of uieii^n-Atic distil rhimco in the earths field 
parallels very closely that of tnmsmiaaan disturbances in the F layer 
In utilizing field-strength nwasurements for comparison with cosmic 
phenomena it lias been nteeasary to apply oorrvctiotui for the well- 
known diurnal find seasonal variations which depend upon the extent 
to which the ionosphere has I*ien iHummrttod hv sunlight daring the 
preceding day. If such correction is- not applied, we hnv<- of ronr-.- ■> 



nqtms T.—Curve Khtjwiug ((alii ur olelittj fli'Sil strernUui with tin* ImtbmIiiic 
depn^tim uf U» hid U l Luw ihi* tuurtson Ihijhh! -hi tniwarU of 6,1)00 hour* of 
otwcrvaiion TTh- friwooUwit curve ks in-oil ns u iin-TocUnn carve for cllmlnuUtuj 
■ t'fl.iii'iuil trend ie.'furc rtimiairUitf rstdUf Cell! slrenjtli* irilli ulbtf cdSBile 
phenomena. 

marketJ seasonal trend with a minimum of ravption conditions in Mini 
nicr and a maximum in winter, The apprnpr rate enmet ion curve lias 
been derived from over 8.000 half-hourly periods of observations, 
covering a range of to - 70 ■' in the angular depression of the sun 
below the horizon during the observational periods utilized. 

The possibility that an annual or seasonal change exists ihal is not 
allowed for by the changing declination of the sun lad to the reexami¬ 
nation of all our data of the last few yeare with the result that si resi¬ 
dual annual change nppurently exists with a maximum In April and 
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May and a minimum In September and October. The curve of this 
residual annual variation strikingly parallel* the attmiul change in the 
distribution of ozone in northern latitudes a?; derived by Dubson. The 
parallelism of ihfcs* two earths augge-itH Mini, ptowibly the cait*' of tin* 
change in tin* okuuu riL-il ributiuti m inliuijilidy u.v-wia1ed with that of 
»bo changes in the ionosphere resulting in this variation in Odd 
strengths. 



Kiinnu. S-—R.'k:,iui,i m rial km in (Mil a)rra*ih» of WBBU atti-r earn- 

rtona for rwiliaht •‘truer or ua^ie of aupmstou o t ibc nun liHow Uu imrinim. 
1t»>r form ul Uio tutts Is nituiiur tn that el tb* peasoiial variation of umun iwi- 
IWU at III* upper air. 


For the pursuit uf tlu-se studies; in cosmic icrrestria] relationships 
a new lid**™ lory for cosmic terrestrial research lias been located in 
the outskirts of the town of Needham, Mass., where conditions are 
favorable fur radio propagation htudwn with a niiniinimi nf inter¬ 
ference. and for obsei-vjithti* of atmospheric electric phenomena owuy 
from the oontamtnatinn (hie to manufacturing in a metropolitan arcs. 
Hie building provide,- approximately square feet of door space 
for rrflkw and laboratories. The observational program includes the 
continuous recording of solur radiation, ultraviolet light, atmospheric 
potent ini gradient, iomc content of the lower air amt atmospheric 
electric discharges, as wall as tite cuntiuuatlon of tlir measurement* of 
tield intensities of radio waves both in the broadcast band and at high 
frequencies. The feint imiship of solar observations, ionization phe¬ 
nomena at high alt stride*, ami radio-wave phenomena to the meteor- 
ology of tlm lower nir afford- possibilities for extensive investigations 
which may become o f increasing jnvportaira. 
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Attempts to correlate went her change* with solar phenomena have 
thus far met with varying success. In spile of many conflicting r«- 
hulls, it append that in general the tcjutH>future of the world m Inrge 
is somewhat higher at sunspot minima (him at sunspot ro us i nm . This 
serin* at Bret paradoxical, since we might well exjwrt that at sunspot 
maxima the sun would send ns more heat and radio turn than at sun¬ 
spot minima. Many of l>r. Abbot's observations, especially during 
die earlier years, seem to corroborate this. Yet the surface tempera¬ 
ture of the globe could la- actually cooler m years when thn earth is 
receiving more heat from the sun, for increased heat produces in- 
creaswl evaporation which in turn generally results in increased rain¬ 
fall. Increased rainfall actually lowers the temperature of the earth » 
surface and again, by evaporation, cnntinti'S to cool the air imme¬ 
diately above. Furthermore, with the warming of the earth, u vast 
convections I system of atmospheric currents results. As air warmed 
near the surface of tine earth rises, cold air flows in from the polar 
regions with its chilling effects. Ii appears entirety possible dint 
even with an increase in the heal received by the earth from the sun. 
08 for as, surface conditions are concerned, actually lower tempera¬ 
tures would occur at selected regions. 

As far ns changes in the sun's radkliuu affecting the general circu¬ 
lation of die atmosphere are concerned, it is to hr exported that such 
changes would ultimately give rise to tin* formation of storms and the 
(Storm tracks resulting. Duo of lire difficulties in establishing any in¬ 
timate connection between weather amt sntisjaits i.- that our ubsorvs- 
tions of weather tend to!» very local 

If program is to be made, it will come through r conaciottuu-^ of the 
distribution of weather as a whole over tin* enl ire globe. From a 
more accurate picture of world weather, indication!- for weather in a 
given locality at a given time may be more cosily r&muiti’d. 

Looking at the weather on a world-wide scale, Henry Helm Clay- 
ion, of Canton, Mass., has found that pressures oscillate from one 
region to another in soma way which appears to depend upon the in- 
leuaity of solar activity. He finds thorn b an opposite trend over the 
continents and wwuw in Miintnw as compared with winter, and that 
dm trend is different in the wp inter in! regions from that in the extra- 
tropical belts. In (he equatorial regions temper attires are distinctly 
lower at sunspot maximum and higher at sunspot minimum. The 
same is true in the North and South Temperate Zunes, but in tin; 
arid regions bordering die Tropics, the temperature actually aver¬ 
ages a little higher mound sunspot maximum than nL sunspot mini¬ 
mum, From his Atudii'S lie camducle* that while the North Atlantic 
shown 10 to 20 percent mure precipitation, the eastern half of the 
United Stale* is in the region where rainfall is actually let* during 
maximum activity on the son, He conclude* that oiir weather is the 



I7t) ANN l; At, fit PORT SMITHSONIAN IN WTllVnaK, 1IMJ1 

result of certain progtrewire trauiUke timverntmte of Certain disturbed 
areas, orginating "m different parts of the wnrhl. AYith cadi cycle of 
change in solar Activity, the centers of high barometric pressure move 
from high latitudes to low latitudes and back again. The amplitude 
of their oseiHations nitd Lite speed with which ilira# waves progress 
appears to he inversely propnrtiuiml to llie length of (lie period of 
oscillation. 

In years of unusually high sunspot inasima, ns was the case iu 
areas of high pressure apprur to bo pushed further northward. The 
return uf these highs to low latitudes with nctrompnoying colder and 
clearer went her may, he believes, be eo regarded under such UiKtanees 
as to invert the phase uf a cycle that may have persisted for some 
timv while the amplitudes id ih- piwilltttiuiis were of leas magnitude. 
Thus there will occur several year* when the di jlitmirea in barometric 
pnj.Mure between the *ouatorm! reghm anil North Temperate Zon>' 
become greater than normal, to in- fallowed by -evernl years when the 
pressure diffcreivecs twcoun 1 ks than normal. The shifting of lliW’ 
centers of action. Clay urn behoves, is definitely a*jodntcd with sun- 
spots. 

Various attempts have bc«i made to attribute climatic cycles to 
changes in solar nativity. Perhaps the most outstanding scientific 
rontrihutiou in this direction has coumi front Prof, A. E. Douglas, of 
the University of AjSiwi*, who has spent u Lifetime measuring varia¬ 
tion a in tree growth, especially in the forests of Urn Southwest and 
IU California, Douglass noted that oMjuetires in periods of rapid 
growth of trees, ns measured by tin* width 1 ; of their rings, follow very 
closely the sequences in the sunspot cycle. .Since van nun ns in tree 
growth suggest variations iu precipitation, ho has uccuinuluied a vast 
;tmount of evidence for uJlurmlions of wt and dry jH'tiods variable 
with the sunspot cycle. carrying records I awkward for Home 3,000 
yen t>. His Htiidhfr appear to indicate that at least for selected region?, 
trees have shown most growth whan -mtsjmr- were most numerous. It 
doe® not appear improbable, however, that the growth of trees inte¬ 
grates nil favorable condition;! and that temperature, the quality of 
sunlight, anti the amount of ultraviolet re. dint ion all enter into ihe 
growth rate of tree* a* well as docs r ain fall . 

Sunspot period; have alia Usun (racial with minor diserepuucii!^ in 
UtO flow of river* and the level of ]*k&s, some regions responding much 
more dearly than others to Um! sunspot cycle. 

Altogether wu iee there are many indications that the earth re 
spomis to iho changing state of the sun over an interval of n little 
over II yenre nnd often by double this period or approximately £li 
years, Whether oil the effects produced in the earth and its atmos¬ 
phere that are noticed at >unspot maxima are the result of the sun¬ 
spots them sc Ives or whether the slate of ihu aim and its whole our- 
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roundings nrc so ad ivoted «# to riUHige malt-riaUy Lfau wisamt: environ¬ 
ment of the enrLb is ft question still wiims we red. 

In s amtaar j, we have reviewed ti few of the important ways in 
which the sun and the atmosphere are closely ufsoemted. Thv solar 
cycle marked by the coming and going of sunspot* •?£*» definitely 
to be rcfli'tidl in geomagnetic phenomena of the earth, m the ioniza¬ 
tion of the L)jqH>r atmosphere affecting all radio communication, in 
ctimntic cycles of the past and in u soman bat eoraples manner wtth 
weedier variations today. Perhaps day terrestrial effect? yet 

to be discovered may in turn become predictable through cycles that 
follow law am! order. Difficult ftfi the pumiit of such invest igalwiift 
may be, n^ulu ulreuily attained ate a stimulus to sustflinfr-i effort, nnn 
we are becoming increasingly conscious withal of a more intimate re¬ 
lot ionship between the earth imd its cosmic environment than could 
have been suspected n dead* «■ two ago. In this cosmic environment 
we muy be assured the mm will piny a major role. 
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TT1E SUN -VJN'D THE EATHIfS MAGNETIC FIELD 1 


Kj J A. FtWimj 

Bitmar, Exportmcnt of TYmvfna] JTapm n™, itararpta itwttution of 

\Yrt*hwptrm 


|Wim i9 rfeml 

Lvrnoi^rcnoN 

TI 10 Smirheonion Institute it Iuh been iot*ri-^ted sdiici tin founda¬ 
tion in 2$4d in ruscarvhas involving the sum its fn*t Secretary, 
Joseph Henry, wsis also interbred m till* vurthn mngnciitin and in 
lS?14)-yi mm 3 d u M-n,> h.l oLtDiViilions at Albany, N- \ - tn drUxminu 
its intensity, and observed mid reported upon a magnetic dktiirboJicti 
in cun nation with the upitearmicr of an auroTu* Up nurtured tV 
idea that solar investigations might lie- advanced by line application 
of laboratory todmiqm Bj the cate of theitnoeteotrie apparatus in 
connection with the solnr disk projected by a tekscopo on » screen 
ju a dark room, lie coudtided that a bunqioL emitted lesa litnl than the 
surrounding parts* of tin? luminous disk As a member of the faculty 
of Yale College* he juvjinipimiad hts friend A. IX BncJife—A meri c an 
pioneer in dm study of thr earths magnetic fltld—ilho went to Europe 
in IB37—3S to purchase instruments! for rlie lirst tnagnetir observatory 
i Girard College, Fhilqilrlphia) and surrey in (he United States. In 
ono of his memoirs he says, "It must novr Ijc admitted that magnolia 
is not confined to our earth, tut is common to other and probably all 
bodies of our system* 1 ' TJirough the** reseattilics, coupled with others 
[HTtniiiing to various aspects of solar nulhiLUon* Henry foreshadowed 
the productive wmaic&m in tfnliir physics so ably eonduded and en- 
ciiiiragi&d for many yea it by tlai present Bevreury* 

Wi are all ocfiunuiied with CMrt&Sn familiar a*pecta of the sun* W e 
all know that it gives us light and warmth. We have till sa*n il pH 
in the evening smd—since the introduction of war tune-many of us 
have mm it rise ui the mttming. Biologists Imve inter prated the 
physiological effects of the sun's rad In hen on plants and an i mills amt 
have shown how the chlorophyll and other substances In vegetable 

T TlW fllwttntfc Ulbnr 3-MijTr cIt^is npJlif tl» ^nclhigotis liuHraUmi, 

Ftfwuf j 1^40, 
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tissue convert ih is sola r twiggy Into cliciuiml energy mid how the sun's 
roys falling on living animals create rim mins so essential to healthy 
developnieiit Paleontologists arid geologists have shown hnv the 
Ann's energy Jins beeu cultured in lire past and preserved for u-> til rough 
Urn Hgeo, even though we are now forced to wash* much of thut pre¬ 
vious energy in the provention of the war. There are, in addition, 
eermih effects of tins Suns radiation not directly perceptible to our 
senses but nevertheless of I'onsidtmiblu importance to onr modern lives. 
J refer to die great physiochcniical net ion id tin* mm's radiation on 
our outer atmosphere. Through this intervening mod inn* the futu 
iiffocte die earth’* magnetism, produce* polar lights, and makes po«- 
«ihte iramanhsion of radio message* over great distances. Through 
ftmly of these i-fh-otn we ore aide in turn t» obtain n better understand¬ 
ing of solar phenomena. In part icular, we have learned that the sun 
not only sends out wav® radiation but particle radiation as well, mu) 
that the intensity of ultra violet radiation from tile still far oxceed* 
what should lx- expected from oWrvjtlions of it* visible radiation 
alone. Uur subject is this uspeci of the sun and its manifold coiu«- 
qiu-nccs on the earth. 

SOJ-AH rilENOMl'NA 1 


Tho sun is an ever-changing, seething sphere Ml JUKI miles in dia¬ 
meter. When viewed through a telescope, its surface appears gran 
i liar; this is because of tmull r uritii i mix in t cm petal ure over n-hi- 
ti'ntly small areas (a few hundred square miles). Mwt i it m ions of 
so I at- surface disturbances are the very large dark area*—in reality 
luminous, hut dork by commit—known as nmepota, which frequently 
appear. These vary greatly in size ami bn rare* occasions may be al¬ 
most 30 earth-diameters across. A spot about HO,COO miles or U earth- 
diameters across can bo wen with the eye through a piece of smoked 
glass. I tv day-to-day motion shows ihnt the sun rotates in the same 
direction as the earth. Anns [Hits tend also t<> occur in pair*, though 
having smaller companions, with tW larger or more stable spot in the 
direction of the suu’a rotation from left to right as seen from the earth. 
They ore solar tornadoes in which the whirling gases show features 
nssenihling the 6chl of an electromagnet. The great (Limes called 
prominence*, teen mure readily near the edge of the mu,'may remain 
relatively steady for several days, occasionally in form of arches. 
Emptire prominences, attaining heights of hundreds of thousand* of 
miles, may appear in rapid succession, in arched form, above nn area 
subsequently occupied by sunspoi*. Tin- following motion of the gu* 
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clouds fuelling iiiLo surrounding space is not readily traced Iwcau** 
of the rarefaction ami decreased luminosity of tl» gas* 

The amt* involved in Hjm rapidly changing granulation--:, sun- 
spots, and the long bright tin-aka or famine, usually hranched. and 
other phenomena accompanying sttnapnt® on* small its contrHfded 
with the whole area of the sun that the direct effect of their variations 
is ruielv more than a fraction of 1 percent of the total solnr radiation, 
’finis these phenomena must be indices of some more fundamental solar 
change rather Ilian direct factors causing any large measurable changes 
in the amount of solar radial ion—as will appear later in the discus¬ 
sion of their effei i - on the magnetic field of the eofth. 

The unsettled and troubled conditions on the nun extend outward 

for vast distances into adjacent space. The brightly illuminated 

caseous material forms the beautiful solar oonina, formerly observable 

only during <?clijvM*s but now photographed m times other than eclipse* 

by means of special optical instruments designed some years ago by 

the Trench scientist Lyot at Pic dli Midi, The coronal envelopo varir* 

in a marked way with variation in frequency of sunspots. The stream 

ers and plumes near the poles of the sun suggest in shape the line* 

of force of a spherical magnet, and near the equator sometimes extend 

out wan) nuinv solar diameter*. 

- 

In IftOS Hale, at the Mount Wilson Observatory, showed that sun- 
spot?- have intense magnetic Helds, which for large sunspots may U* 
of intensity 3,000 to 4,000 gjtu&scs or mnn—comparable to those lie- 
tween the pole pieces of Urge dynamic. Small spots 200 to 300 miles 
in diameter have field strengths about one-thirtieth as great. In gen¬ 
eral, the field strength at the center of a spot is roughly proportion'll 
to the logarithm of the radius of the dark and cooler central part or 
umbra and diminishes toward «sro at the outer and lighter purl or 
penumbra. The discovery of these magnetic fields was mode through 
study of charncteristic features of spectra of sunspots utilizing the 
Zeeman effect which reveals that when light is passed through n strong 
magnetic field each single spectral lino is turned into a doublet or trip¬ 
let—the doublet when flu* light is viewed in the direction of the lines 
of magnetic force and the t riplet when viewed in the perpendicular di¬ 
rection. The Strength of the magnetic field is determined from the 
difference.- in the wmv lengths of tin* separate component!-. TIi«m- 
observations show that the lines of fun;'- ore run trial to the surface at 
lJu* umbra of a spot hut that toward the penumbra they spread out¬ 
ward. 

Many sunspots are surrounded by hydrogen vortices ns shown by 
photographs of the sun's surface by the Tight of hot hydrogen or cal¬ 
cium. From these photographs, intimates arc made of lice great 
rapidity of vortical motion. The direction of rotation of these vor¬ 
tices is gone rally counterclockwise in the northern hemisphere and 
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clockwise in the yoiK-licm, Tho direction of tin- Tortiflu! rotation is 
associated with Lhe direction of LLe magnet u fit-hl of u spot; two t-pot* 
fur which vortical moEinh U oppo.-iu.- lum* oppositely itin-vti’d mag¬ 
netic fields. 

Fur roll tint observation i.f magnetic fields and sunspot* a special 
analyser is used by wliirh one determines tins nin-meric polarity ol a 
sunspot, observing merely win [her the positive (ted) ut tho negative 
I violet) component of a lino h transmit t*t(. 

Sunfejiots usually appear in L-luugnitsl groups, and spots at opposite 
ends of these groups have opposite polarities. Although it was soon 

reoliwd that the ..ibrr nf MiiLipul* varied with time, it was not 

until 18W that Schwab' showed that they occurred in eyries. From 
the results si n r*j then of many years of observation by devoted observers 
in nil parts of tho world, the spotted ne&t of the sun ha* been found 
to vary in a somewhat irregular fashion with an average (jridod of 
about It years. This Lj-year cycle tW- not progress spqouUJv but 
in short-period pulsatifUL* which vary in length from about 15 months 
to periods a* short iv- !tor 0 months. 'ttie polarities of spots in a now 
cycle ntv opposite to tinea- after Ih* minimum of die preceding cycle. 
The "pots at (he fiM <>f a new cycle ore iti juries about SO” from the 
equator; they gnidnnlly apprunch the solur etjliator at the end of the 
cycle. Thus nolur activity apparently lias a fundamental cycle double 
that of the U-year cycle. Tho fact that 6jw>ti h*TO been more 
numerous in uJtenmt* ll-your cycle* also indicates this. From the 
viewpoint of effecla on the earth, the II-year period i* probably more 
im|u.rlunt. All -pots iijiprar to move asms) the sum's disk from east 
to west. Many single tpota mid group* of sjMita, which have pwvd 
fretm night nround the si mV western edge, have been recognized on 
their reappearance, after about £ weeks* time, ut the eastern edge. 

It has been concluded from the recurrences of such groups that Lhe 
period of tho AttnV rotation is about 27 day*. To be more precise, 
tho interval elapsing between two Hict«skii passage. 1 ! of a spot screw* 
the suit* central Jim.- is n llttln Ita than 27 days for spots on the stinV 
equator and this interval increases to more than 2» days for those 
midway hat ween the equator and the polo. Spots ore rarely observed 
■tty nearer to the Bin's poles. The outlines of sunspots are variable : 
Mitnado not rvupjwjiT at all und others exist through several rotation.^ 
but rarely persist for longer than half a year. They do not one!tiro 
as do the surface irregularities on tire earth and moon.' 

Olwcrvflt'uMis by the gpecttwcopie method have shown (bar tho sun 
also has n grrmnil magnetic field somewhat tike that of I ho earth with 
opposite poles of unchanging polarity in the northern and southern 
Ucrnbpheres, However, the field intensity is small and unusual taro 
is required to detect it. The measurements made at the Mount Wil- 
son Observatory indicate that the north magnetic pole of the sun is 
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nhout \ s from U |miJi l iind thus much nearer than is the c i h- for tin? 
earth whose magnetic axis rnttki-e mi angle of 1L°5 with Hie mdi of 
rotutinh- From variation iri the Eociiniitinn of the magnetic axis 
of the euii us the sun rotates, it appears that the magnetic polo rotate* 
about the gjtagr&phii a I pole once in about 31V!: days. The sun’s mag- 
netir Hold h about 50 gausses nr IOlJ times greater at its aurfaoo than 
the. maximum valm- of (he magnetic Held of i.lic earth and Its intensity 
decrease* rapidly with height- 

Kxteedingly hrillUti! eland- o><-^irmally hurst forth suddenly on 
the sun and midi maximum bright e itin i few msmUes and thi n 
slowly ^nl^ide* Th^- ^pcrlaetilur bright eruptions usually 1 ji-T from 
IP io 30 minutes, dofieuding upon their brightness although some of 
the moot brilliant have remninod ae long m a few hours. They 
usually (jocur in the nciglibaritnod of magnetically com pies—mmlly 
lilso abnormally active—sunsj'iuts* which change rapidly in form and 
dxe* They flare up into the solar atuit^phoiv far above Oie level uf 
the sun^pote like fiherls or longues of flume extending outward; 
often, brilliant feuutCfttnlik-e prominent 4irv nh^rved over fiieli active 
hpot groups, The upper region of the solar urmotiphena where tliese 
clouds appear is called the chromosphere, and in it are rtbo the many 
other fainter and more stable piTiinmtmre. Although the latter are 
much fainter* they usually extend higher shore the solar surface than 
the vory bright doutls that appear so suddenly* Because ssf their 
brightness ami nlmtst explosive nature, those active prominences arc 
railed duranosphark eruptions to di^tinguiali them from hm Intent 
eruptions. Spectroscopic analysis of the light from the chroniogphuric 
eruptions shows that they arv c^[Ki^d mainly of hydrogen mil 
helium. 

It lias been found that chromospheric amptirms produce terrestrial 
effects throughout the daylight hemisphere on the earth. The visible 
radiation* of these bright eruptions cannot account fur the observed 
results an the earth, indicating that nu immense increase in the in¬ 
visible or ultraviolet light niusi accompany them, These eruptions, 
with their direct almost simultaneous effects on the cart 1 1 furnish this 
ftm and only evidence which lias h> far been obtained of positive 
terrestrial changes produced by bpcdfic solar phenomena bih$ have 
opened the way to tile solution of many problems of its fluency of 
solar activity on the earth's magnetism. 

TBK tiABXil s MAGNETIC FLtXU 

The coin p lex nature of geomagnetism—the general magnetic field 
of the earth—anil of its varied phenomena is still a riddle* Despite 
several centurk- of spi-ctikukm and research, there i? as yet no ade¬ 
quate explanation of how the earth became magnetic or why it 
remains so. Associated with this problem if; Lite “perpetual van- 
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ability” geomagnetism ui any one place—changes, on the one hand, 
alow when computed with (Jhj life span of the individual, ns in its 
long-time or secular change, und, on Lite other hand, rapid, as in its 
short-link' or more ephemeral changes; ii is largely in tin? Intlor Hint 
we find interrelations with foamiod phenomena in sjmws about Hi 
Hu- compass appL-iirs romph; though my- ! e rictus in its directive 
ability which demonstrates (hut magnetic forces are present every - 
where about us. This is evidenced also by the inductive magnet ir 
action of the earth's Hold upon n mntei jal highly susceptible in such 
action, for example, an ufjoy such ns permalloy with unusually great 
capacity for transknt induced magnetization in weak magnet So 
fields like ttint of our planet. When a thin Jong rod of permalloy 



is directed toward tin- north mngnttic pole of thu earth, the mag¬ 
netization induced in the bur by (he geomagnetic field is quite suffi- 
rient, to lift small piece* of jjernmUoy. Iiut us iht* rod is (urtud with 
its length at right angles to thu field and thus in the direction least 
favorable to induction, it loses the magnetism induced by the earth 
and will no longer support such uutfi strips, which fall" But that 
which is apparently nimpto is often the most baf flin g a* m this case, 
Jierhaps nut in the physical principles concerned, yet carroiidj in tire 
origin ami observed jx-riodic and apcriodSc fluctuations of the forces 
involved 

l lie tit -t pL-rcuption of the natural phenomena of petwnngnct iim 
through the directive prujieiTy of a lodvstono or magnet freely sus¬ 
pended in dm enitlvs field is veiled by the myths and legends of 
south-pointing chariots in China ™ne 4.500 years a go in td of its ap¬ 
plication* by Use Egyptian*, the Phoenician:-, the Greeks, and the 
1-atiiiK. However, there is definite and wdl-nuthetiticatetl evidence 
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of the use nf this property in navigation by the end of the twelfth 
century A, IX 

Magnetic dip or inetination wig unknown until 1681 1 when Rob¬ 
ert Norman of London^ a procticid Hainan and instrument maker. 
puMifehi*! "The in?, we Attractive, conUinyng a short diHcourse of tins 
Mag we* or Lodo^tnzi^ nruJ nim-ngi^i other hbt vui1iii^ R of n newt db- 
vuui*mil wvn?t and eub4lli projjortk-, rnm^rmog the IWUnyngf of 
thr Needle, bmrhed tllinewi lit tinder tin- plmire of the floriuon* 1 ’ * 
Xorfimn mounted |ii* needle on a horizontal oile so lhat il. wutf free In 
mow in t fcn■ vrrtirul plane «nd observed tho actual dipping below 
'ho horizon. This die flrwt hint Llmt the sniimi of ihe mag- 
Tirlic Held of dm earth might lie within Ihe globe and nut ill the 
ators us proviously -mpp-tfed, 

1 ikomv onward there wiLa gradual transition from the field <d spec¬ 
ulation in ttiftt of aekntsflo iiiY^tigalimi. ami in 1600 Gilbert pub- 
I^Md htfi hmioU" b Hilt Of I the magnet. the hrt-t (realise pic hiring the 
earth* action ms a great magnet, a conclusion which preceded New- 
tou> annminratnum of universal gravitation, A century later Hub 
ley world charts showing ^variations-'—that b* dee]inution -of the 
compass appeared. Wih k*?\* chart ui magnetic dip or inriiiuition 
was pub tithed iu I7G8 + Charts delineating magnetic directive fume 
reaultc<i from nmnboldiAj ctemtjoni mi Ida American jtiamcijs 
thiring 17FJ to 1B0S- 

1 lie |Hjrinxl including thr end of (hr eighteenth century and the 
hi nt half of ihe nineteenth icntury whs an era of uuecjuiilcd run- 
L trucbvi j work in gpoirLitgirctbm hy tunny eminenr scholars Among 
Sb.M- limy be mentioned Iliiiuboldt, fiau&s. ami Litmonl of tjermanv, 
Sohint? and Airy of Grout Britain, Poisson and Diijierrojf of France, 
of Belgium, Uunsteeti nf Norway, Kupffer of Ru&aia, and 
Nirolfct, Locke* Loomis Bachi 1 . and Slctity of America. 

1 tout ihuughte on this subject were iWn not limited to srientdic 
men is nvidcnced by a discourse of John Quincy Adams in our Homse 
of Rcpn&sdjijitive^ (luring preliminary steps bearing on the establish- 
tu£iit nf the Smithsonian Insi n otinn In which he stvid : 

Whfjr ,io tinkhowo ivnrlO of mliirl 1 h jet , to U- revealed 1ft ihe 

Uef -rvnip.iClsy bel.Wi#Ii Mm- pnitj^iet nml the Intis '—-timt IDTTeUe■ 

r " 5,11 1 which walla wills it?- thrush nu^\ viiini^lL^d Ojr^ta, o\^ 

Uie mi iv-i iJNCmtlnqMF wJIdarutrid, runl ntrti^ ever;; r+^fi>D i.jJC the jidlLl^ji 
»iny b iij rilstkt . Wi iu aw wit ness an ninreiiteoii of itmt oreiu- 

m'L-illr. i-.'-r'a U[r . trr Cvnli-r. ntlll Ti7t4lnif trt the jmlnr Stur, wHheEit 
hclIlaL' JI (JltTO 4if Iiiiutmijeiu ^p;imacbh^ to flUpeMUtlEkn? 


In !“(1 Iln'rrnMJirn of Sureiuhriiif pfufcnJ 1 j# brul uutlficd T lmr j tn lirnet ns■ i nrikr 

'J- I'! Jjsr-Ji I -■■Mi Ih-I tiinth mill 11 LI 111 LilUftfi! Ttl* K^.’i! h!lS n 2 rn pijJhCJ itduavt. 4 , lElHttiltn, 
faukuirv 1 , ilh\ nii e ttt-id-ntrt ElU \n *trrfc ^ mam iff jta ihm ihp pn^Sw.- utnmmt qf iffcp, 
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The picture of magnetic phenomena if- incomplete if viewed only 
in n man-made laboratory. even though we can now produm* 
there ftn artificial magnetic field within a space of a cubic inch which 
ih JQO/KKJ mid mini? times a* intense as that of the eurth, For 
(utiiite] v, Nature provides not only Lbe earth and its atmosphere ns a 
great magnetic hborotwy but also continuously performs experi¬ 
ments, utilizing ns apparatus the nm, tlm tndon, and the riMlmtions 
frura space. The iiiterpi'etmiuii of observable data in eo non a 
laboratory require* special types of research and, in unique ilvgrt*-. 
world-wide coordination of data and experiment. So sing to well 
planned experiment or obsermion can solve the problems presented. 
Observations uniat be mm in , n rill parts of the world and must In 
Cl'minuet! over A long period. Ttvhtdipies for I he organization and 
interpretni ion of theta data must be developed anil experimental 
researches must It COinittcb d idling file- which will supply informa¬ 
tion on basic properties related to th" subject. Thu- it i* only 
through mutual assist unci-' and cooperation of investigatory in 
geophysics, in geology, in agronomy, in phjrira, at id in mathema¬ 
tics that we may hope to forward interpretation of natural phenom¬ 
ena,. Ptt>gre3s in the earth sciences is not the result of individual 

researchit proceed* not hum Urn inohl«l wurk of the few, but 
from the coordinated efforts of the many. Truly, some individuals 

Writ* mrhlrii.nl h m niv thllil llliS «-V..dlUb>ll til 0 m I-' l - t* I id il 1 g. 

hut fheir jmwr-r to contribute i- in a large extent determined by ihe 
works of tlueir predecessors mid of their colleoguea. 

The geomagnefi'' tic Id extend* far nut into the alihospliere and be- 
vond it. Even 4,000 miles above ua il is still one-eighth m great as 
at the earth’* surface. Our globe may be regarded as approximately 
a uniformly magnetized sphere with it s axk- making mi angle of 
U.»6 widi the axis of rotation. Although but feebly rmgtieiiw,] ns 
compared with the maguHtzntinn atiaiiudilc iti high-grade magnet 
eteri e, the average Lute unity «f mag neti union is roany mdem of 
magnitude greater than that olnerved in ordinary crustal rock*. Ap¬ 
preciable i nr gu In lit im m the Held f-xht, but they do not cause 
great departures from the field which would be produced by' the 
hypothetical unif orm magnetisation, The moments of the uniform 
portion of the ouith’s nmgnei'bnt. tba axial, and the equatorial com¬ 
ponents in (.■witimeter-gnuii-aecond units, as determined by Bn tier V 
oiulysis of available data in 1023, are J/“8,04Xl{P, iV„=7.83x 10 s3 , 
untl J/,= 1.G0X HP, respectiv«ly. If the mugiuilismi cere dhu ihtlted 
uniformly throughout the earth’s volume, the average in ten -by of 
magnetization would lm 0,074 etmtimriOT-griim-Kccoiul unit, A 
general idea of the field may be obtained by the distribution of iron 
filings over a disk majpu-i, but in reality the earth’s field i* much more 
complicated. 


4-VJJ THE EARTH'S MAGNETIC FIELD-FLEMING I Si 

The priDdptl magnetic |xdf*s are? distant 1*200 mileg or more from 
The geographic polea. The north magnetic) pole, sidled in 1631 by 
Bfcflft and in 1SK3& by Amundsen, i- in Boothia V sinaula in north 
Canada {latitude 70**0 north, longitude wesl) k The south 

magnetic pole, reached in 1BG9 by E. David, Dougins Mnwson, smd A. 
Maduiy, erf *Shickleloa r s British Antarctic Expedition of 10(17-00, ir 
in Smith Victoria Land of rho Antarctic Continent (latitude 72. 4 
south, kmgitudo 155/3 east), Thus the line joining the magnetic 
poles* is not a diinieter of the earth but passes at a distance of some 
750 miles: from Its renter. Ii L? to h- no Nil ikut the equivalent uxl- 
of the uniform inagncLkutlon uitereeptF the northern hemisphere in 
hitiUulo 73/5 north and longitude 00/1 west Thus thu*e so-onllvd 
^geomagnetic™ polest are remsidprably removed from the mi mil mag- 
rt&tic [Xjka ns olwrved* 

Measurements to determine the earth's magnetic field at any point 
and time must include oh?ervutions of three magnetic elements, 
namely: (1) Maguetiq declination or direction, the angle between the 
Lrtm asi rouoinicjil north-south meridional plane and the vortical 
plane through the magnetic north-smith direction as defined by the 
ou»ipn«; (2) magnetic mdination or dip, ilu- nugh il.r iugh whidi n 
magnet entirely free to move would dip lu-lnw tin: horizon in the 
magnetic tiorthr^ntiih uicridiuunl plane; and {3) the total magnetic 
force, acting in the nrngrulic uwldiorml plituo m i?s horizontal conn 
patient or its vortfcal cnui|Hiiient. 

FairtstukEug and patient recording and analyses of the complex 
geomagnetic mhlkut through days, years, and decades at obswvire 
turies and on magnetic surveys un land and sea have distdo^ed cer¬ 
tain systematic: features and irregular variations of liu^r, all of 
which may be deciigiiated ns turn 1 change of the geomagnetic field- 
The more prmounreri HVhtvmatii- ami periodic features ore the seen- 
I are daily or tidar diurnal f lumr-dmy, and animal variations. 

Secular variation is a progressive change, that ire a iJow age-long 
variation; it- was first noted in compile direction—the so-called varia¬ 
tion of iln^ mariner—by Oeliibnmd in 1631 who ooiHftmced quaintly 
that fel vnrinEiun b accompanied with a variation.” Ii takes important 
part in navigation at eea by magnetic direction a* indicated by the 
compav^-si use which stimulated and maintained interest in deter¬ 
mining it§ value from the time of Columbus* Before the invention 
of dtremoineters it wa. thought cluU geographic position might l» 
derived from knowledge of change? from place to [3lace in magnetic 
declination and indination* This kd to the fire** sysiomnfir oceanic 
survey by the astronomer Edmund II a Iky in tin Atlantic Ocean 
during 1695^1700 on the pink * Paramour, Halley's was the first 
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Rncftc 2.—Cliort* AEimtfTfcg w«ru.Far chungo uf pvouin^tvliitiL tJp|«-r F 

iiiivn EnitM^r diTlInjition jii bSx ^ciitbn-: c^utiT* tines -<f sent xoaeiTigtla decline 
Utfti or agoutis wlitj >|ii-(« on side n£ ugaule mi wLkh .hrllncitkm:* jire 43*s Lully: 
ktwei, Unt* of wm nwgr^ik' IndUnniUo* -ir IwtliUCL 






























































































































































Frecte &—Isomngnetk* cimn of Limp fit ftjufil ifadlnntlpa nr ij-wui--*. *ikcH 
Itiatt (Ariur Lr. &- Hydrographic 1 OtEkyM 

Thu secund important time change U tire 24-imur daily or ^dur 
variation. Thk variation take* fflmcn- chiefly during dnyligio mid 
changes in a more nr Itra regular manner in iiiDgmtmfc and character 
with geographic position, with tin? seasons of rha your, and with aolar 
cycles; it was first observed* and defined in 17SEL It in repcnti'd 
from (Ilij to day and is osost dearly seen ou records ubl wined on 
niAgHfetirfllh quid days. Ass dawn approjichi^ each day die north 
end of every compa^ needle in lhe Northern llrud^plurv shifts 
slightly inward I ho iiust, li induing a maximum east ward elongation 

K f r * ["iriirH 1 nE b la itm jirfttttttt of On- Htftf at TLiaIIjupI. In 18 S£ * 1 ^ 4*1 

mwflMi iHrarllon !u iSSJJ*n']U •f^o pnfMrju umlubEj ««rrr* nc^iir ir 

itfcfTi'n’nE ipf il:i| owl thu* witru hmiIIj |hv Pin (mlli'juJvin 4,1 iHurxiAl 

'■rial Juft. 
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chart to ihoiv lmn< along which lhr compm* direction differed from 
the tnifl noi th by iho fame anglr-, tliiii is, liuts of equal magnetic 
dwliuation or bogrinica. Corresponding kndtiiiir and isodynarak 
charts Amw lints of equal dipping nr intimation mid of equal linri- 
fluiituJ, rerLicd, or total magnetic forty? acting an the company World 
charts of these magnet hr contours for different epoclm ahfi^ marked 
changes hi their trends —changes caused hy secular variation, Been- 
tar variations show apparent small-order dependence in their progress 
on 1 he sunspot cycle. 
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from its average about 7 to * nWock, then shills wiartwurdlj |fflMing 
fta average daily direction shortly before noon, radioa an extreme 
eastward position utout t or 2 o'clock. and during tin- late after¬ 
noon hours begins to shift eastward ty back to l im average direction 
which it maintain* practically during the night hours. In the 
Southern Hemisphere Ui« tout inn is revered, the south and of Lbu 
compass needle exhibiting tb *nm<' tendency in follow the turn's 
apparent motion. Toward ihc North und the South Poles the dl- 
unuiI variation is greatest, while near the Equator it b practically 
zero. Somewhat similar behavior during the day find night is shown 
also by the other magnetic etattMUOta, 



Thus it is apparent llmt in its main futures tho solar diurn:il 
variation progresses according to local mean Lime, Therefore, this 
variation is eonprtftcd with the eurths rotation and, as its major 
tendency follows ilia apparent motion of the sun, it may be pre¬ 
sumed that die turn is tm importtmt fact or in this daily phenomenon. 
This is an indication that the earth’s magnetism responds to outside 
influences which find their origin in solar activity and act upon the 
upper regions of die atmosphere. 

The lunar-day variation, while uvoniguig less tkm one-tenth that 
of tlio solar day, k quite systematic. Instead of considering die 
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chanter hour to hour from midnight to midnight, tlicit is, from otm 
low transit of the sun to ihe next, the data are studied for -1 
l unar hours, that is, for i lie. lunar flay from ono tower transit of the 
moon to flu* next—aa average of 23 hours lit uu notes for 24 lunar 
hours. Wliihi this variation is loo small to hove practical interest 
iu navigation, it is very ini port uni for the investigation of the high 
layers of the aiinospherft. The double wave of the lunar variation 
indicates its tidal origin* It is likely that the Inner variations 
originate in even higher Injurs of the atmosphere than tins solar 
variations, because they are so extremely sensitive to changes in 
magnetic activity. These geomagnetic tides provide n new approach 
to the study of resonance phenomena in atmospheric oscillations. 

The minute annual variation is revealed when monthly values of 
the magnetic elements are corrected for ptqgrasBVO secular change. 
It should not lie confused with I in; annual change which is the change 
in one year due to fetnlar variation. 

There ore other magnetic time changes of qua/n-regulnr ami of 
irregular type. The mure important of these in rein I ion to the sun are 
short-period, Jong-period, nmj sudden commencement disturbances 
raporimposed on the systematic variations and designated as magnetic 
storms and perturhatiuus. 

Thaws are associated with whut we call (he earth’s magnetic activity 
or, let us ray, its general state of magnetic rest or magnetic unrest, 
and herein we find Bjwclnciltnr features einphnFixing apparent rela¬ 
tions to the observed solar phenomena. Tile magnetic activity nt a 
given station, during any interval, may be defined as n measure for 
the frequency and intensity of ninrkid irregular departures from the 
normal diurnal variation hi that interval. There are rav-mil way* 
of applying such u daiinitiou. Tin? *implN is that in which every 
observatory, from inspect! nfi of its photographic records, assign* to 
each 24 hours bet wren successive Greenwich midnights a '‘character 
figure," designated us t\ on a scale of 0-1-2. The character “O'* 
applies to quiet, f, l" to moderately disturbed, and '‘2" iu greatly dis- 
turlird days. From thf*** the International Association of Terrestrial 
Magnetism and Eb-rrtridty a I no determine die fire least dieter bed 
and tits fire most disturbed days in each mouth and selects certain 
days for reproduction in the annual publication of magnetic result? 
from each observatory. This measure, maintained by international 
agreement since lDfKS. gives adopted average daily value* for all 
collaborating observa Lories—now numbering nearly CO, 

A more detailed measure is tlwt do ponding upon the day-to-day 
changes in the mean values of the horizontal component of rio- mag¬ 
netic force since magnetic disturbances have a systematic effect on 
that component. This elTect is an initial rise, followed by a larger 
decrease accompanied by more or leas violent perturbation?, and a 
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slf»w recovery. The activiu- is ^mllnA nt the enuth’s niBgiKi if 
equator iuni inuttttses in u retguUr miuuier in ils rtmiKwi. valiu? in ilw 
auroral zotu-. This daily figure nf activity, known H-- llic -j iitL^utv, 
is nughlj defiant! ua I ho averugi- change from day i*> day. reganllos* 



Furrs* ft.—Mi <rnliir and Itiurtr <llnmu( rftiinthut in piiihiiht n' i:r^!.rtn-|i: 
r/Jt i»jipnrlk reev-nto on ijule! iShj. Aucunt. $ mul fSuniiciiFU M^urtie 

OhncrraiOrF, Pmi- 


of sifrn* of t hi* magnetic force near tlur rajnufor. If is not iHufflJ as 
& measure for a single day, but its monthly and annual values express 
quite, ih. 1 finitely I lie averttgn amount of mugnuLic di*tn chance. 

A certain lag of v h^himl tin- .Huusjjot* supports lin- theory that 
whim imhnjiota arc nearer the ^nivHrqiiulor there in greater pro] nihility 
Uiai the coqiunch 1 ^ emitted mmv or Jew radially from Lhr miu, are 
more likely tn sweep across the earth* 

Development in the setence of geonai^iwdsni ami correlative ef¬ 
fects with other gpophyaetd phenomena, especially those concerned 
with rail in comnmnicAiJun, have made iteeirable a qmmtHutive md 
more detailed measure of geomagnetic activity. This measure is 
(ho 3*huur rmiigu Index, A', which evaluate? gcomagnciie activity 
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for each of the eight S horn 1 periods of the Grantwkfl* day. Th^ 
activity in eacfcss of tho regular daily variation b meiibuml for each 
3-hour" period and an index from t) to 0 is assigned in accordance 
wiili the activity “(P for very qidcE nod ■H w for esteranrfy disturbed. 
Thii% hy means of eight indices, Uiv geoim^MlJe activity for a day 
j& id art runted from the cniitmncitas magnetic rrcords ut each observa¬ 
tory. The prugi i h of a magnetic stottu is noddy followed and the 
geomagnetic activity at <me iihsurttit nry may compared with Unit 
at another observatory in a different gi-eniagvwtic ktUudaj for ex¬ 
ample, the K indices for the f*rii4 m to 12\ February 5, m% at 
observatories arranged m order of increasing north geomagnetic 
luLhude <t> were 3, 3 T 5. 5, G t and T at BonUltilu (4* - 21°), Son Juan 
(*-30 u ) f Tucson (-1—40°). Cheltenham (* = 50 s ), Sitka (■* = fiO 5 ), 
and College (4> = G4°)* For the- sun in period the index :vt Watheroo 
nt42 D south geomagnetic latitude was4, 

Violent magnetic ^orma with 3-liour-nmgo index of 0 occur only 
n few times mnr a sunspot maximum, hut it is equally rate lluit any 
full 3-hour interval is perfectly free from distnrbuiiL^. This means 
{hat the earth is almost eontrtantiy, even near sunspot minimum* 
under tha influence of particles (presumably solar), weak as thh 
inllinHiiv umy lie m times. 

The intensity uf the ionizing sulur wave rut lint ion absorbed in the 
ionosphere on the daylight heiri sphere can likewise be measured 
geounigiit L i iciilEy in the amplitudes of thu&ulur daily rungrnrtk varia¬ 
tion* Analysis uf IS yeara* ivcurd,- (1922-39) of horizontal inten¬ 
sity at tin llmncayn Magnetic Oltevrvifctorv, in which the magnitude 
of the solar daily magnetic variation h exceptional, gave a measure 
for the ionising solar wave nidi it ion comparable with the relative 
sunspot numbers as Iho oniy available complete series of daily meas¬ 
ures of solar activity. The correlation coefficient between them u 
H-0.02 for monthly means and +fl r 0S4 for annual un-mis* Thrse are 
the closest relations *o fur established between plumimuuci on the 
itm and I he earth. 

From the indices supplied by individual abacrvaturiiSj a mean 
index may bo derived which will mjirt^mi world wide ottnilitioris* 
The mean Indices computed from the data supplied by seven Amer¬ 
ican'-operated observatories during the ycar 1D41 show- three out- 
standing storms in Lfttlou March I. July D, ami September 18 and 
10- A remarkable recurrence of quid conditions also occurred dur¬ 
ing the year, January 6 wo# ilns first quiet day of this scries fol* 
lowed by 13 quid-day recurrence at exactly £7-day intervals, 

Magnetic disturbance may be classified a& (l) world-wide mng- 
neLic storms, rimultanoous over the earth and primarily due to 
changes in the electric conditions outside the earth* and (2) smaller 
disturbances restricted lo part a uf the globe tnj with center of held 
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of action at times stationary but generally moving from place to 
place. Storms of the first type may follow comparatively quiet or 
normal conditions and are often initiated by n sudden sharp shift—a 
“sudden commencement"*—simultaneous, within a minute of time, 
at all observatories, A ten den 17 to oscillation and continued unrest 
during intervals varying from 11' hours to several days ia ona of the 
outstanding features of such stonns. 

The second, more local, type of transient magnetic disturbances 
is ithuiilly represented by a rather slowly developing “bay” on the 
record extending over half an hour or Mttnewhat more. 



Titus disturbed or quiet magnetic conditions nearly always affect 
(lie whole earth dimihatitmislv. The possibility of any connection 
between the disturbances of the earths magnetic field and the wen titer 
19 excluded since weather is so distinctly local and so different nil 
over the world. But polar lights—tin* auroras—are always seen in 
polar regions when magnetic storms occur. In IT41 Celsius and 
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Hiorter at UpsUa confirmed i by a long 1 write of observations, the 
connection taween auroral displays at id disturb: mere in the normal 
fluctuations of the need Ip. To explain die* spectacular display*, 
which appear as curtains* archea, hands* and rays, with many vans- 
tiuns, extensive mathematical and experimental investigations have 
been made, especially by our Norwegian colleagues. Birkdend, by 
means of a cathode sphere in a vacuum chamber, demonstrated the 
accumulation of electrons in the plane of the magnetic equator. 
Sinco that time his distinguished successors, StOrmcr and Vegsrd, 
have done much hi advance the -Indy of auroral ptauiomeua, 
Elaborate rate u Inlions of the paths of electrified corpuscles whicli 
are entrapped between outermost lines of magnetic force of the 
earth's held have lieen bountifully demonstrated in the laboratory 
by Bruche. 

Minute particles in varying numbers are coming continually from 
the «m. Once within the earth's magnetic held, these electrified 
corpuscles are entrapped by the outennnst lines of magnetic force. 
When the particles pa® through the atmosphere, they cause the 
air to glow by their impact, and produce brilliant polar-light dis¬ 
plays, From simultaneous photographs of aurora, taken at two 
stations n known distance apart, it has been found that polar-light 
beams generally do not coinc clceer (0 the earth's surface than about 
50 miles; some come no closer Shan 300 miles or more. Since the 
height of polar light* is in no case less than 50 miles above Lite 
ground, the conclusion is drawn that the magnetic variations and 
disturbances also hive their origin ill electrical pliennmuiia taking 
place at least at greater heights in the atmosphere. This has been 
confirmed in every respect and the study of the magnetic variations 
b one nf our main sources of information about the constitution 
of, and the phenomena in, these outermost and inaccessible regions 
of the atmosphere. 

Thus, inspection of data Indicates an apparent intern-billon of 
the earth's field with the sun. The sun’s magnetic field, even though 
it h 100 times that of the earth, b far loo weak to make its mag* 
wtk influence felt nt the earth, 1)3000,000 unite distant. It is much 
more probable that solar influences on the earth’s magnetism are 
connected with enormous streams or clouds of particles, atoms, ions, 
and electrons ejected from the active regions of ihe sun, which 
travel through space am) from time to lime reach the earth after 
1 or 2days, and impinge upon its atmosphere,causing magnetic storms, 
which often disturb electrical communications by cable, telegraph, 
and radio. 

The regular daily magnetic variation apparently is the effect of 
other radiations from the sun, which travel with the velocity of light 
and are absorbed in the highest levels of the air, und which make 
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ib-- laii -1 - elect ricJilly conducting, The-.- .'micin^uii- iln«n many 
yours ago front magnetic observations tuv-umc up Imjiortant after 
the i a vent i i n of witi Ic - (■-h'grcipbj, Uxurna? by thorn m jmiy ojc jiicniri 
why wireless waves are bent nround the earth along ilnss? ame con¬ 
ducting layers. 


i‘ioi r/, ".—Total dljurlLutli m of auroral fnnu M mil of lower llaili* far nunwui 

Ju-tjhta. 


The range of diurnal vmriutiori varies wilh magnetic character. 
Statistical studios, which tend to fimootli the violent irregular fluctu*- 
tion? 3 have led to die id anl ideation of throe main features of a inag- 
nctic storm, These are: (l) An everywhere similar but unequally 
large general source according to universal lime; (2) u aujterpoised 
diurnal movement according to local lime, dttffring dun 
from the ordinary diurnal variation on c|uici days; and (S) n» uftet'* 
effect, which gradually subtitles In the recovoiy during the do vs after 
■ storm. 
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Magnetic nativity pruvjjts one of lfro Means of determining another 
Urns- chango f niifidy F that of m U-ymr eyete apparently agreeing 
with the well-kniiw n cycle in htuir | h i frequency. Lefei investigation* 
Imvo shown, however, that aokr activity um indiemed in its reilected 
citect in tint uxognetie field U not completely nr always represented 
bv eunspotteilness or other phenomena which a&irciphystatEts observe 
{>11 i .|ih Mim'n surfaces magnetic oh.- rvutians apparently reveal distinct 
solar influences uf another him] mid mid in this way to our knowledge 
of solar physic*. 



Fujukj; ft—GwntftjiuTk- nr ilvsiy and repute auitfpcjt nmuher?, Utnwr* for 
.iimimi, mmojc lfrtf5-lU4I; ion! tower, fur UHUilttly uterus l£EM£HL 

Afc tho earth revolves about Urn turn during the year tl ume are 
corral Kmd mg fluctuations in miignetk activity, rim maximum or rr*^t 
incurring during the equinoctial months of March and September* 
and ihe minimum or trough in ihe soUtitinl runnihsi uf June ami 
December* This is rfraihd in the annual variation of mngnedc ao 
t ivity deduced from rxuiniimtiaiL o! many years' observations ob¬ 
tained at several ul^rvatofies. Graphs of sunspot ureas for years 
with many nnd ymr- with tew ami spot* ] dotted against days la-fon- 
megnrttc alarms give further t-viilenee of relatione hutweeu s dnr 
activity and nmgndir activity. 
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As hun been stated, tbo recurrence of sunspots with the sun’s rote* 
lion varies for different solar 1 latitude* from ST to 38 days. There¬ 
fore, if soiar activity has an effect on the earths magnetic field, we 
may exfKJCt some like recurrence in geomagnetic activity. 

Tlie simplest method of establishing tho existence of a recurrence 
tendency and of determining any average of its interval is the super- 
I««ed epoch method due to Chree. This proof dejamds only cm in tig- 
liotic data without any reference lo the sun. The average character 
figures for epochs of fi days per month that have (lie highest character 
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figure of magnetic activity and for each of the 5 preceding ftt ,d 80 or 
more days following are compiled. When plotted, these averages 
show first mar ked peaks corresponding to tlm selected epochs followed 
by repetition of the peak* alter 27 days, thus indicating die tendency 
for magnetic disturbance to rr-. ni- in ub f[l t 27, 54, and 81 days. The 
same method applied to selected ejwchs of the 6 quietest days per 
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month shows the recurrence tendency equally well, with i lie initial 
and repealed (wak^ after 27 ilaya inverted because their idmracter 
figures ore twlow the average. 

A modification of this method consists in charting character figures 
for all days for n number of years. On swell a chart, in order to com¬ 
pare the magnetic character with conditions on the sun, which rotates 
once in about 27 days, appropriate symbol? indicating the magnetic 
character of each tiny ure placed in tows, the date of the first day in 
each row being indicat vd at the left, aud each successive row beginning 
27 dajH later. In order to emphasize the continuity of the series, the 
symbols showing magnetic character for the first 0 days of the next 
row are repeated. Charts of this kind show vertically elongated 
cl listers covering one or more rotation periods. Similar time patterns 
for the sunspot cycle indicate lids cycle to he more strongly manifested 
on the sun than in geomagnetic disturbance. In this method, devel¬ 
oped by Bnrtcda, one may concent rah graphically information 
obtained during many years by tlie world net of magnetic and astro- 
comic observatories- The magnetic clusters are at times found to be 
more pronounced for periods when the sun is free or almost free 
from spots. Even for periods when both are disturbed the respective 
time patterns are often very different. Therefore, it is clear that 
sunspot numbers tire nut always u good index of any solar agjeudea 
i]mt cause magnetic disturbance on the earth. Thus, further research 
on this interrelation calls fur a more nil-inclusive measure of aobr 
activity than that of the sunspot redness, a matter for the solution 
of which wb must look to the astrophysicist. 

Whatever theory of magnetic disturbances may Finally be evolved, 
it is clear Lhat geomagnetism provides us with information regarding 
fairly persistent solar phenomena, restricted to varying but id ways 
well-defined regions uu the sun's surface. The*? are not only of inter¬ 
est for study of die turn, because direct astro physical observations do 
not reveal them as yet, hut sue of even greater inten&i from the 
terrestrial standpoint because magnetism records these solar influences 
only in fio far as they actually affect otir globe. 

lOXOSPHEHir AMD ftOLAIt RF.IJmOMM 

Tile ociiirJnsitiii drawn fruni magnetic •-anatirms and disturbances 
and from polar lighte that ilu-y have llteir origin in electrical pin-- 
n omen a at great height? in the a ton* phi-re makes it of interest to 
study the elect rival conditions there. Since we are unable to visit 
these great altitude?, we have to study the electrification of tlie upper 
atmosphere, or ionosphere, from our position on the earth. 

More than G(J years ago Balfour Stewart inferred from geomag¬ 
netic data the existence of regions in the outer atmosphere of great 
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electrical conductivity ns a source of magnetic and auroral effects 
ohwrvcrd on the earth. Even over 30U years ago Onuss, the oqi stand¬ 
ing pioneer m advancing scientific consideration of the earth's 
magnetic field, referred in this pOflabi% in Mi earlier writing. 
Subsequently, such ftdhotara as Scimitar, Kcimrlh* Heaviside, Lo- 
rentz, Ecdes, and Jjtta nt took part in tfto development of the concept. 

Tike highly electrified regions outside the earth were a^nin sug¬ 
gested in 1001 in order to explain Marconi^ success in sending radio 
signals across ilia Atlantic Ocean from England to Newfoundland. 
Prior to Marconi^ proof of the usefulness of radio signals fur trag 
distance communication, the public, ihduding the sdeatSata, were 
inclined to ridicule his invenlion as a new gadget that would he limited 
to communication without win-s over line of^tght distances *m\y. 
Wus it not true that these Hertz!an waves traveled in straight hries 
like light! They would go over the horizon rod be lost in space, 
lienee, it would not !* possible to com inn ui rut c from one point to 
another over Oie curved surface of the earth* Both Eenndly and 
Heaviside imlejnindently ^iggretal that 1 conducting region in the 
nil .tap atmosphere would 1 m? capable of landing radio wave* around 
und returning them bock to earth. Radio waves travel with the 
speed of fight, *100,000 kilometers per second. If the frequency or 
number per second iv low* the rfi&tafictt between crests or the wave 
length, is long; for example, the wave length for 1.000 kilocycles or 
one megacycle per second is 300 m*tcra_ I f the frequency is high* i ho 
wave length is short; for example, rhe wave length fur 15,000kilocycles 
nr 1JJ megacycle jK?r second is 2ft meters, The abort wave- vibrate 
more rapidly and have .prater pend rating pernor. 

It was not until t92& that Apple! on in England and Bmt and Tuve 
in America, using radio waves by somewhat different methods, suc¬ 
ceeded in directly ^seeing** I he radio reflecting region uf (he outer 
n i.mosph era. Tlie ccho-me l h cw 1 techniq tie developed by B rri t it nd Tlive 
for this purpose has now lwen adopted almost mthunily By thin 
mntliorl a short puli* of radin waves in aaut upward and the time meas¬ 
ured for the echo to return* An equivalent height to which the wove 
wmiii! travel i'hii Iwt c< imputed, n^uming it to have traveled at the 
velocity of light, F rbe density of ionization which reflects the wave 
at tJsifi level is measured by the ware frequency transmittal Corre¬ 
sponding to each wave frequency is a parttculur density of ions which 
will reflect the wave, 

There lias been developed by the Department of Terrestrial Mag¬ 
netism of the Carnegie Institution of Washington and the National 
Bureau of Standards from the earlier experimental equipment a po- 
rnlled ionospheric apparatus which produces records automatically by 
photographing erhoee of verticillly directed variable-frequency radio 
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TVttTes, Study of these rccorrb snnn mnfirmed the fact that, instead 
of only one %adhpIIj^- iWvieid^ layer, there are several layers or 
f tmiificaticttta of ionization. 

Present . onvculten has adopted the term “ionosphere to include nil 
these regions Low-freqntoc/ rutlio waves penetrate to relatively tew 
Iwiighte (posdbly Gfl mlka the earth). These low frequencies 

or die tens wes-indude Use radio spedrum used by our local 
iiTOadearfiiiff ©tatiotiR The high fiwjn.eru-iesor the short wnvts 
uni used for internflth lull broadearting over great tliatjuuM. Higher 
frequency. radio waves are more jk netniling and ^‘k (treater -li'Ti—ili^-— 
of electrical chargee before being reflected- These may penetrate to 
200 or WIG mites above llic earth. Radio waves of rfill.higlltr fr»- 

i[iirEu'ies do nut fljioouotcr enough conccJUtnition of electrica] ch: irget: 
in the ionosphere ami they may penetrate completely through mul ta? 
lost ill apace* 

These ppiuttmimifc frequciwrie* m*a*iire the apparent height frem 
which echoes are received. Thera art three important ionized layers 
in tho outer atmosphere under direqt influence of the sum One is at w 
Tern! of about 10O kilometers another nt about 2Sli kilometers* and the 
third at gome 350 kitafnateiH. The two up[ier foyer* do not exist 
separately everywhere, tn.H merge when tile *"un low imd f- rjii a 
single layer in Uut night At tionu the highest layer reaches maximum 
height directly Under the sun- The heights of the layers arc not eon- 
utant but change with time of day and season, with latitude, and oven 
whli lime along the sunspot cycle- 

Radio ex pi omit ion nf the ionosphere i> arcoUiplhdu^ I by rmlomnti- 
cully shifting thu wave frequency over a range about f<l>N to 10,000 kiho 
cycles [*>r swroniL An automatically recorded reference line for the 
surface of tile earth provides ilia base from which to measure heights* 
of radio echoes. At wave frequencies up to 1,000 kilocycles per second* 
radio echoes are resumed from heights at about iOD kilometers- Fre¬ 
quencies silwwe -MH)0 kilocycle show a sudden jump to it higher re- 
dec ling region. At greater frequencies the waves fftfu-tute, in gen- 
eraL farther into the rarefied atmosphere until at I2,0IH} kilocycle? p^r 
kvtoiuI I here arc no reflfwtiuns from the itinoqihera mid the wares pass 
out into space- 

Cniitinmui- r? petal son of ioiiospherk' apparatus reveals that Ihciu 
are .striking differences between normal day and night couditiotis- 
lu general, the number of electrical charge - in the iunofipheiv huihb up 
during the day under the influence of the siifi T s rays. During the 
night, when the sn irs rays arc ait nfT t the ioniratiou diwraHK. There 
tiro also extensive changes in the fettlosphete* from one see son to an¬ 
other- Complete knowledge of tho vurinturns and characteristics of 

MIB4JI—13—14 
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Lbo iooospbere permits interpretations of vnriuttMiis in tile earths mag- 
ne tism and of radio communications- 
The programs of ionospheric research, which are incurpnrated 
with the other scientific investigations at the ulvserva lories of the 
Department of Terrestrial Magnetism of the Carnegie Institution of 
Washington near Hunncnyo (Pern), Wathcroo (Western Australia), 
amt College (Aimaka), and of the National Bureau of Standards near 
Washington, supplement our understanding of normal as well ns 
uhnorjuai relationships between lUu stun and (he earth, Aiming the 
more normal relationships is dm effect of sunspots upon tine innt»- 
sphere. Tim is illustrated by the average relationship that large 



KnmtilQ,—OfttparlAoll ftf rtomial flUHKpofc nmnkt^ with mijiucil aTmigc 

elirirciiT drnjiiCp <jf Frrf’^ltiu iu mmnmil ul iecul fivm. ILu^ri Magnetic 
OWrYMtorj, Peru. 


numbers of sunspots nre in general associated with brpj numbers of 
eledrica] charge in the earths outer atmosphere* The Avenge uu 
mm 3 maximum denrity of eleotrotsi? tU noon jw nmaeuml in the region 
of tits highest layer at the equatorial station of Hminrayo follows 
the arm rial uversge* of sunspot numbers—from minimum to musi- 
muna of sunspots the change of average annual ion density is obmiE 
our to lEtrw. Tlie two lower region? >1iow changes, similar in form, 
f lit of smaller magnitude, with an increase in density only by some 
50 percent. The geomagnetic diunml variation changes in value by 
-onu* CO percent from minimum ro maximum of sunspot activity* 
This corTespond^ under like conditions to observed changes in Von 
density of tlie two lower regions, but is greatly different from I ho 
change of some ftOft pendent ui ion density of the third region* Evi- 
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dently the lust is an important factor in the gtomugnetic diurnal 
variation. 

Of the abnormal tics between son on<l earth, the radio fa<h‘-out is 
this one outstanding example of » direct relationship, namely, the 
observed association of the bright chromospheric eruption on the 
sun’s mirfjun, tin- simultuiicmiF dis-appearnjiLU! of radio echoes. and 
characteristic pulse in the earth’s magnetism. McNkh has shown 
that the unique geomagnetic change abated with ilio fade-out m 
na iQgni^ntAtiun of thw normal (iiurnnl varisition st ii-ll pl u ^ 
it is nWrv«L Because the atmospheric region below 100 kilometers 
appears almost solely affected during the fade-out, it seems probable 
that not only the unique geomagnetic pulse but also the whole diurnal 
variation, of which the pulse is hut tin augmentation, arises from 
electric current flow at a limit these levels. 

Thanks to the extensive network of suit ion* distributed over the 
earth beeping constant watch for tbMh- chromospheric eruptions, a 
similar and older network of magnetic observatories, and the cluiu- 
tjols (jf radio communicatioiL data on these associated phenomena 
seen mil late rapidly. Dellinger’s compilation of such data soon 
showed that chromospheric eruptions always accompany fade-outs 
and die concomitant tuagnfttwchanges. The first actual simul¬ 
taneous observations of a fade-out, it bright eruption in the solar 
chromosphere. and a unique haylike kind of geomagnetic puke were 
obtained on August 1937, nt the Uhancnyo Magnetic Observatory 
in Peru, CharactcrisLiciilly the echoes disappeared rather suddenly 
at a level between 70 and 1H) kilometers. This is probably because of 
:ilpn]'pti«iit produced by the inieure MmiMtioti of this region by the 
ultraviolet light emanating from the -Jur eruption. 

Another powerful influence up m (enrs trial conditions is the result 
of bombardment of the «*rth by minute particles which are slim out 
in streams from the sun. This is ns though sirtniBB of small juirti- 
clea were sprayed toward the earth as from a moving noetic, Tlie 
development of such streams is generally associated with large or 
active sunspot group*. These streams travel relatively slowly and 
normally require ulmut l U> 4 days to cover <hft ilislatict between 
snrj and earth. When they reach the earth's upper atmosphere, 
their effect is felt and observed us magnetic ami imiospheric ? tonus 
as well os aurora! displays. 

The magnetic storm of March J. 1941, associated with the p*&Mg* 
of a largo active sunspot group across the sun’s central meridian about 
2 days before, gave a typical example of the behavior of the hum- 
sphere caused bv corpuscular radiation during it magnetic distnrh- 
anra. The Ioimephrric . IT. i t was produced in this case «s a nssult 
of the earth’s bombardment by this* solar particles. Me may c.ni- 
pare the normal records on the undisturbed day, February 28, HU. 
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wiiJi 41 io nlmnffiml records during the same time* on the taurt day, 
March 1. It imimdiaidy appears tluu the terkiuf« blew the 
k>n«plwMT! mil into hpr*ot>—an efTm especially prohmmeed flu ring 
the beginning of twh di^urhmcc. For this rase the average density 
of electrical charge* during the magnetic Ntorm vns reduced to ap¬ 
proximately uuu-third of the normal value observed on Lite previous 
day. 

The nature? of the rtdatbn lintwtwn ionoephiftrte ami magnetic db- 
t urban res is not yet fully oridniL Ionospheric cbnngr* [iprparendy 
itrjso in part brctiiiM of wave radiation and in part Intake of partial 
(corpuscular) radiation from the sun* Tins part of the investigation 
of geomagnetism hns nnly begun. 

EARTH i TTKiUINTS 

Eicclrk currents produced by some natural agency circulate in the 
earth at nil thrifts as was discnvcreil after I be iuLrod action of lIiq 
telegraph 100 years ago* UfiH' rnrtli currents are closely related 
to changes in the wrth's magTiotbm and beer some i»lal ionship to 
|h ilar lights mid to certain condition it which affect radio trauanisfilon. 
When polar lights npjiear, enrfh currents surge to and fro in ttn 
iiiiiiRinl manner. The*# surghigs often occur €Ton when polar lights 
an 1 : not BtifficientJy intense or extrusive to Iseen. They occur also 
in equatorial regions where polar lights urn imver seem 

They produce effects, resemblmg static in radio, which interfere 
wjtb the sending of messages. A study of these interference* aw first 
observed by Barlow on telegraph tines in England in 1847 shows 
that they are due it* rice trie current* which come from tlte earth 
and which to some extent are present nt all tlm*^ 

Most earth-current storms which ore observed in the middle loti- 
tude§ occur dmultaueonsfy everywhere on tins earth, and hence 
these must he due to im influence which nets directly upon a huge 
part of the earth* From a statistical study, a definite U'lufcmy is 
found for an cartIi-currout storm to recur every 27 days—once morn 
giving evidence of solar and terrestrial interrdatiiuihkipf:. 

RDCHNT OBOMAf-NITlC AKD AURORAL HIHT’URBAKGRS 

The pUScllt cycle rtf : : nJiir rmd geosnagiictit activity has been 
noteworthy because of two of the greatest magnetic t-torm* over 
recorded since the itit rod action of photographic recording in 18^9. 
These* ns will be seen from in hie 1 of grent magnetic storms during 
I350 to 11*41, indicate the current cycle ns fixe most active in the 
recorded annals of geomagnetism. 
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The first of the nine great storm h listed is the classic storm of 
August 28 to September 7, 1859. Currington luui Young over 80 
years ago interpreted certain features of that, storm as indicating the 
simultaneity of solar eruptions and magnetic disturbances, but this 
opinion wa-» abandoned by other investigators lanmttsc they looked 
for it in vain in later great magnetic storms. If the radio fade-outs 
had not given such strong evidence of ionospheric disturbances simul¬ 
taneous with solar eruptions, it is not impossible that the compara¬ 
tively small, though distinct, terrestrial magnetic effects would still 
have escaped detection. Because of the rarity mentioned, and uoi 
only for historical reason*, ii may be of interact to recall here the 
original records of the classical case which started the controversy. 

The records for 3 days allow comparatively quiet conditions on 
August SO and 31, 1859, the brief baylike disturbim Isgiimiiig at 
ll k IS", September 1, and the outbreak of the second great storm at 
4* 1 50", September 2, General Sabine stated that ‘‘this great mag¬ 
netic storm, for excessive violence of character and length of dura¬ 
tion, had never been surpassed by any similar phenomenon which 
lias occurred in my long and varied experience. 11 

R. C. Carrington's report included a drawing allowing the large 
spot in heliographic latitude 20* north and near the central meridian 
on September 1, 1859, He noted in particular two patches of in¬ 
tensely bright and white light of brilliancy fully equal to that of 
direct sunlight.. The instant of the first outburst was within Its 
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seconds of IP lft* Greenwich mean rime, and LP 2 a 13 was taken fur 
Lhe time of disappearance* In this Up^ of 5 minutes, the r wo patches 
of light traveled a space of about 36,000 mihft The mignehc 1110 ^ 
tkm was In itself flight and of a character and magnitude frequently 
recorded. Toting expressed the prophetic opinion that these solar 
di^iurhuniTS urc ^propagated to our terrestrial iiuigtmlUiii with lire 
tpued of light" iimi tlrni tire triLSuuJ rdnlioiitihip is “only in I he feetur 
that the pulling of a trigger Seines tha Might of a rifle-lwilL M 
Thus, these classical observations could Lk> pmperfy interpreted 
only after the recent discovery of rtulia fade-out and solar relations. 
They are the first recorded instance of a targe sulur eruption und a 
silimUiuieaiis large magnetic effect hurting lr>- Ilian mi hour, pre 
himnibly caused primarily by a transitory increase of ionization in 
lire ionosphere due to oaceasiro uUraftolet light* followed after an 
Interval of aifrut 18 hour? by the outbreak nf nue of the nine im^t 
violent magnetic storm*obft*TVt?d from I860 to I94L 



iluOKK 13-.-- Wtdt-runBc cmtfnHtgmm, Mu Mi ;M j -\ tnlo F ^tMlnEEtNLraicgfc. 
Gemaitky. (After 0 . FeuuwLelu- > 


The magnetic storm of March £4, 11H0, one of Mu? greatest ever 
recorded, was an event of unusual g>-o physical interest, This storm 
was accompanied hy auroral djapkjra which, however, were not uti- 
prceodciitfuL The iiwumpauyiiig disruption of wire communication 
by ehxrtrk currents induced in the earth produced soulless jumbles 
of fuller^ in teletype equipment. These earth currents were, of such 
magnitude that electric power systems were severely affected—the 
first time such effects have ever been reported. The reports of inter¬ 
ference with power transmission, especially at station* in the eastern 
United States and Canada k were eiI flm doubled by cliHitrical eiigi- 
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tie^rs uid miign^ticians- However, the accumulated reports indi¬ 
cating connection between (tie storm and the power-line ili&tiirliojice* 
proved convincing. The evidence shows lImL the atenra prod unwl 
esrlb<ti™>jit gradients amounting to alxrci 10 volts per mile, 1 mi- 
an Increased practical importance of cosmic*! research in gewnog' 
nctiziii lias been shown, for the lengthy observations extending over 
a century supply definite information on the probability of occurrence 
of Kiicb florins and therefore on the extent to which it is advisable to 
improve electricnl in^ta Hath ins to avert their effects, Because of the 
tbenretkci) urn! practical importance of obtaining complete records 
of she infrequent great magnetic storms* u number of obsorvatewna 
have midi il less sensitive equipment to the more sensitive type,'? here¬ 
tofore exclusively used- Thunk* to these in*enmlive magnetograph^ 
we have complete photographic records of the very gre^t disturbances 
of April IPaf^ March 1940, ami September 1941- 
The great storm of September 1S-1% 1941, while not producing any 
gnat power-line interference, was moFt remarkable in auroral dis¬ 
plays over a great part of the United States. This storm is also of 
interest in that II W. Wells, of the Depart man of Terrestrial Misg- 
notism of ihc Carnegie Institution of Wafibington, several days be¬ 
fore it h inception, bad formally warned radio-transmission engmf^rs 
llmt disturbed geumngnriic and ionospheric conditions might Iks 
panted Septembcuf IB. He was able to make flu* predict ion through 
doe* study of daily reports of amis, tmnibnrs and locations of Hin- 
epotg supplied by Ehv United States Keren 1 Observatory- Following 
Kereral days of slight disturbance, vioJuni fhictutttinne in the direction 
and mlertEJty of Ihe earth's magnetic Held begun ulamt U ]k si 

f-rn standard time, September 17^ Maximum activity yt\\s between 
1 and 3 p. m, September i%. Tlic Liquid dilBciiltics with Jong-distsmcr,. 
radio, telegraphic, and telephonic commuuimlinns were experienced. 

The dorm was accompanied hi raiunsiw auroral display—an oe 
currenct: which one living in imr luthutle bn.- fdihrin the privilege of 
freeingp A, G. McXirii, of I hit Department nf Tem^tria! Magnet tem 
of the Carnegie Institution of Wariiingten, who observed the display 
carefully* gives the following account; 

J hi 11 nmturc h.iLl v'bi'dqd^d Liur n'lsQlfv m'f tut 11 li- reenTuK tuoire- 
Willi lml liar «mriifn£ Smi cn dnwii #tfp Rwurc uf :i mnmjwlx pmlfilint pF -it In 

ihn north 1 wearera *Xy. A^ (be diiriteaeiL *1Mi|rirt taja wrx vl«lhle In ilw 
northern >:ty + hHgfrinriiix, filing. Hint ^ntlmiiilly tlutn«lw It? fl 0 dn- en¬ 
tire vu fttlftS wUh raj» rnwmmflf tym*un\n& to ■ petal oofir Uifl Milth 
1,1 pnidurc 41 rirld ,-,»rnnnl fenuillori VnrlCHl* n.rftia ..f ann ml 1M-T1ET, niya. 

. ... iwnmr* iir^. aoB j iffPiaWlnjt pnpy rtilWt 

ttwron tH>aai* fButfpTt atiUJ aliin^t 4 nwu Septeoihor IB. Soon! narnftil netklty 
n , r i,i; n n,| ditrina the prmtdln* inuE J-jnewintf fiIkIiS^ neltbcr twinss aunpftmhki 
with the dliploj tif ^pti mber IS-1JK 


204 


ANNEAL REPORT SitITlii (K6tmJTU-X, tpi? 


? 

Vstti * 

# 1 

UWT*«M 

_■ ^ 

*r *fl? J 

E- •» 

+Y..4* Ml* 

m 

J - **- 

aaAv* 

4W 

% 

Z 




> 




I. ' ^*V -- 



ujn 

U.V 

Sr 




r» *# 

Xii 


Amt 

ins 

r V 

V| 


^ i 

V 

irarri«ri4vi< 

Kilv^ — , w 

f i 

. 1 

J0YfAH«rrf ,4 w 

v^y v -' 

1 * * 
n*wrtf «*4 

IV ---— 

^ifwi j_ rj ' 

r 

u- 

i '" 1 

w 

« r 

L 

1. A. 

jfl 



»*• f*l 

I ' 
1 







Jpoaf 


‘ -- 

£ _ 




* »HfW* 1 

L« 


Frarm: 1L.Rcronh of rrtajfurlli j>^iriu C A * * litrmlHT 17-1B. U«j. and iBi 

^jilriniw. r 1 &- 10 , UHI, I'll*?lti.-hihilItJ MiliimMi ObflKftii \nry M^ryljjiid \0*M" 
t«y of SJ fi Cflswt and Qendrtto Surrey.) 


Tint rtiriiim! <][&ptay wflg visible ^luLullnui imdj tji widely sepumt^l ikitIh of 
rfefi muittry. To nil ovnywIieTe Ehi? mys feeftixict) to coiitg^j T-cnmrcl .1 

jkHsi! ^SffSirty tnutli lif Ujv Actually > i.f corn**, Uim? i*un ne cou^ 

trrtr.uwr. Tltt* parih-ii* afcftt off fjram Uw film, M»t -itetdaiBy tfuintc*!, <n» 
opt fN'ifly !Tn^ the Earth's uniprueLJi: 0t-14 mid must lo Uio dSn^Uon of 

Hu- mngEMLlc 111 -y of force Ai TVnsJiiftgtoii, the lilies ut force Hn* llll-U uIkmiE 
JO* mutfcttiml frnm life terUral while farther cunh tbo lilt 1* less, thus all 
mfcwTOn* wire vtfrwittt; & tuti'-dtc of elo^ I? ray*, eslimdta? ltn»# or 

hundred* uf ujnvri.nl Iti tin rnrtfltd auoirs^btir, -uui jtfijwiif lu^ In em 
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ranee- lownid wluit I* called tli-r- mapi-rllr Jim n* rallrn-j*tl trtn-tn <u>j»rar 

tv tonwrit* tfliiatij «i |«JW djj Mii- k«lt>a. 

Photographer* iu Lung Mind iiiul New York Stwte obtained 
negatives, and through llwir courts I am happy to exhibit copies 
which fully justify Mr. McKb-h's account as regards brilLiancy and 
variety of the nurorul activity. 

TliO) bright chromes pit eric eruptions in sunspot* pi^togreplwd in 
lb a light of luminauF fiydrogim th|w sIium' the bright eruption start¬ 
ing on Sc pi ember IT u- ill Pacific standard time, ami Uw 

"P’ntly ini-ro '•< -1 briglttucss of the eruption 10 minuter later, 

n tsslb • lt.\ v it EL vnoss 

A coiiiK'ction between geomagnetic tuid oostnic phenomena has 
mciuitly been diaoTered—the world-wide dfccfeafo in the intensity of 
cosmic radiation during grt-nt magnetic stottw. Although such mi 
effect wus predicted over 0 years ago, observational verific ation was 
not achieved until the occurrence of the great magnetic storms of 
our premil sunipot cycle. The effect wne noted by t nrlmsb during 
the great Mom* ..f April ISitT. March 10Id, and September mi 
Since the magnetic moment of the earth increase* during the main 
ph»&« qf « magnetic storm, a dtJCrtMMt- of cosmic radiation during i bat 
time iu to lx» expected on the b*si> of the wall-established vatlilbii 
of cosmic-ray intensity with geomagnetic latitude. 

Tlic atpapoaectapoch mol hod is useful idw to show correlation 
between w*unie rad iniiun aiul lit geomagnetic Hold. Time yiristitot 
of cosmic- rtty intnihil ies, whose origin probably is deep in space, are 
now nwasttrnd to wiihin a fraction of l percent. Tliis rnude possible 
n n:ul comparison with geomagnetic ebaugis by Bruxuu in mi. Hu 
showed the eimnltaneou* average VttMfiohi of cosmic-ray intenritias 
and of international daily magnetic character figures by superposed 
epochs of tupemonnal and subnormal cosmic-ray intent;it it. The 
i-ostmc iwy intensity is practically always lower for tin? live interns 
t jo mi I magnetically disturbed days Lbati for the live international 
magnet.seally quirt days of uadi month. These rcsulte confirm the 
inverse correlation between cosmic revs arid magnetic dUt urbane*; 
as previously shown by For bush- 

The 13^ day and 2?-day waves in cosmic-ray iiHentiiy nn* clusdy 
associated with, those for character figure and magnetic horizontal 
intentitv. Thif direct* at tent ion to a posdbto means by which coeime- 
rny data might serve to establish the existence of a general *olar 
magnetic field. 

LAnOB-tTORT JU'PUOACM 

Mom. recent of promising attacks on the many problems indicated 
above is in the laboratory through investigation *.f the laws govern 
ing the interaction of tite maguetic particles composing oil matter. 
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All the ncUona ami reaction*; in Hip world of physical things may be 
expressions of three flind&mentu] force.-—gravitational, elect room e- 
netie, and nuclear. Ail three may ultimately he reduced to different 
aspects of the same all-pervading, all-inclusive type, Perhaps some 



obscure atomic etTinit of tlie extremely high junaun’s of the centers 
of such IkmIu-s as tine earth ntnl Uni Min may be the rntlse of their miijj, 
netizatioru Therefore, experimental studies of nuclear physics 
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through the tnse of high voltage with (ho afcriiwtalie geMnitor «nd 
tbd cyclotron and nt high pressures may give better tmdttstftnding 
«f rotations between tlic constant go norat ion of BlbatOBlic foreiis in 
(he mid and their terrestrial effects. 

CON*. TJJSION 

Id coudu-siun. inn y I hope to have loft with you some ImptsA* at 
t ] l9 interrelationship between the ever .'hanging but quiet variations 
of the cnrtlrs magnetic Add and the swirling, tumultuous events on «ho 
eun. Those intmv!itiimibil» haw made possible the ahctrtcal ex 
plural ion of the high atmosphere far above tile limits ncceSUbloto air- 
cnfL I*ss titan a decade ago (his ««s thought m 1* beyond I human 
attainment and hopes of such exploration twaut by Balfour 
Stewart. Kcimelly. and Heaviside existed only in the specuUUoiis of 
intrepid, persistent scientific invadigutore. Aiwther great *«t» ho* 
thus been taken toward definite knowledge of the intimate relations 
between the earth and the sun which play so material a P*« m our 
lives. Upon that step won now plans are mpully dm-dnpmg for oc- 
<'iirntc magnetic exploration at equally great heights to slippy * “• 
third dimension of the geomagnetic field so long sought to mid in lhe 

Mplwuttion of Um origin of that field. ^ . . 

Today geomagnetism maintains its key position ns a thriving 
branch of geophysics, nut only because of its own intrinsic interest, 
but mainly I geomagnetic conditions give a complete, m faithful, 

and an intelligible record of those mighty **iar and co«mc«! influences 
to which the earth and its in I mbit an Is are subjected. Wo may well 
agree with ibe rw-eiit lenient of an eminent scholar of earth physics 
■bat “ns in all branches of science where growth is active, wg nrv only 
pnrtlv satisfied with the new knowledge gain' d! long vbtnf. of nnes- 
plured territory invite us onward to ‘fresh fields nod pastures new.’ J 

RECENT LTTEUATITIE JT’llTAlNINli TO THE SON AND 
THE EAllTil ft MAGNETISM 

Tki. 3 iKNi.il, 1*. T,* and llctfreit, A* C& 

l^tK Oir- irtihrmeml vnrlntlrtfiS rtf ih^ tdrill 1 * War'llwn Coopmtlfln in 
ittf-Miifeb, Camr0e Inst WjL*hLii£tiiti. VulL Nu, Wl. !']>■ 223-2-TT 

iUMUS. . c* 

l'MU- Tin? men mid tlw loMmobefa Joflm. EMf* rJtg.. \oi r SB, 

pt. 1* Xo. iU r>f 

IBtUx frh&rl*ft CttrM and hl& work nti ProCr 

rvl I5B, rji land & ft. 

CitAl'MAPr. a, ;md IUbtdjs. J. 

JEHU 2 CSurmilna Ptm. Oi’fnrd. 


208 


-VKNTTAJj Fii.PORT PMTEHBOXIAN [NfrnTCTIQN, ID IS 


fVJjjunro, J. A. 
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pi l 20ft-2£t, 

ion. vvurlil-wldo n.il m* n n«*» witu «*UJ wfw . 

-■nr*, ro flflny twcutk In AintfaL Fp- Asnnr. Fill , nt 

H No. a, pp sart-sn*. 

FlJrjimfl. j, a. liyii,**. 

Ti-rrestrial u umv.tUu flinl itkvlrlcLly, V„i, & PHwlc* tl» E.trlH. 
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ULTRAVIOLET LIGHT AS A SANITARY AID * 


ll f Loi:m (JiQLRlll-^nAiii J1 Be., P, D. F I'fr M-* I>. B*- 
Pmtfmr »t BeetortolW ITfpk*o> *«*■#*»«« Colley of Ph*m*>» 

natf Seic Jiffl: 


Man always has bmi interested iti keeping healthy. When germs 
were found to he responsible for Uift causation of many diseases, vari¬ 
ous methods were attempted to eliminate these agents detriment#. to 
our health. Of the natural agencies assodatwl with health and clean¬ 
liness, sunlight lias been regarded by the majority of persons os the 
nitwt bencficinL The heretic Pharaoh lkhmit-.u more than ft,000 
y&iSB ago insisted Uut the sun is God and it i== the only source of life 
urid goodness. Heiwlntus, the prominent Egyptian physician, win*# 
rn year* Inter stated that sunlight in required especially for people 
who need restoration of moucwhtr energy- The »re of sunlight as n 
weapon tn the treatment of disease is to 1* noted and eon be traced 
throughout the ages. After our knowledge rniHcming bacteria and 
other tnfcroorganiHnts increased and their relationship with disease 
wp$ proTe d f pljVatfiinns advocnicd tln> ia&r- of sunlight in irniu^ aiseaas 

unit for tiie ilcf-tniution «f nil organisms* 

|i was itbotft 05 vu^ra ago, in 1£T7* that Bowing aiui Blunt first, 
showed ihaL sunlight killed bacteria. They demonstrated tbnt wpo- 
B «reof putreu^ifc fluids to direct ,nnlighl in the presence of air would 
stop all growth. Ten ye*» biter, Rous confirmed these findings and 
showed that anthrax spores were destroyed by exposure to the direct 
mys of the sun. In IS 1 ^, Ward, uthne natural sunlight, demonstrated 
by actual lest? that I ho actinic rnys were reS]MiMlbIo fur the destruc- 
tii.’j of until nut spores. AboOt the earns time and sine* then various 
workers reported dial ultraviolet light [assessed a gi-rmHdiil e fleet- 
in R>ft3 t Barnard and Morgan noted that the germicidal action of 
riluiUght is limited to certniti of the sun’s rays. Liter these anno 
worker^ using the spectra of carbon mul olli£r artificial sources uf 
light for obtaining ultraviolet roya, ware able to kill anthrax spores. 


I Oil* Jjf lluj Popular Beltran j* turf*. ■'. Uvi-^WI at IJifl PmlitdrH'MA nr armory 

ft i, ft »rt« B r* d»rlAS thrn in til «*r1m .If from tins Anuirlrtn Immikl 
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Within the piitt decade the susceptibility of jnfcioorgmcibmfl to ultra¬ 
violet radiation h»r received renewed attention, 

FiiKMS Or RADIANT KNfUMiV 

What is ultra violet radiation mid what has this to do with strn- 
liglitf The visible ^pi-cimra wan discovered in 1G&5, Hb visible 
spoctrum which tvu* UiPMigfit to be one bund of light, colored whUr, 
was found to be in mil by a vouibi nation of many different colors of 
Irtiht. You kimw what happens when si bemo of clear bright sun- 
liirlit slrikes o -suitable prism or if you gaze at tiro rainbow in the sky 
iv I it-iv Nniiiiv | m * i fnriLL |!ui oxpcrimciit, you observe tiny drops of 
immturv present in the nir actfrig as prkmfi breaking the white ray 
nf tiiinliglil into many visible colored rays* red* orange, yellow* green* 
him-, ami violet- In addition lu ihmr bauds of visible radnubm ibort 
or tt otlier my* ctiiunuting from I he sum which are invisible to ila* j 
ImtiiiH: wye, Some known :i- iuffutvil my- me invltkiblr, but tills ra¬ 
diation is detected hy the heal produced* Others apt i ken of ft* liHra- 
violet rays, ali*rp nre invisible; ibis form of radiant energy U Ml de¬ 
tected by litj y of niir s-ense*, although huhc nf the effect* produced 
Mibsfrqnently may become apparent. TItw tlireo form* of radiuiiim, 
one vi^iblu and tin- other two invisible, nil emanating ftmn flit mu, 
differ in the of their wovea, The uliraviolct rays tir^ the 

rihcrtctft; the viaiblo light rays are longer ; and the infrared waves are 

t hr longest. 

Tin: unit of measurement in micftiseupy b Lhe micron which 19 
Yakut to I 2£ t CHXHLi of an Inch. Wave lengths of light rays are 
ijjcMKih'cl in terms of Angstrom uuiU An AngtLroiu unit is 
t/lO/pUlth iif a micron; in 1 inch there arc £TpH tniliiou Angstrom 
unit*. The visible light is subdivided into colors of the spectrum 
by the i-nurgr of different wave lengths of an approximate range 
hoot I In- rid, SOW Angst rein units, to the violet* UHK> Angstrom 
uniUt To bn- cxecl, the longest visible rays* the rod, have h length 
of 7#10 Angstrom unita; and (he shortest visible myo, the vinh-t, 
have a length of Angstrom units or approximately 1 tj$ h 0ff0th 
of an (min The infrared rays, which are lital rays, ure lungvr lhan 
the red and the ultraviolet raya are shorter than lhe violet. 

n/rttA violet light 

The ultraviolet portion of the spectmtn consists of wave lengths 
which cxretiil from n range nf W70 Angstrom units to about 1000 
Angstrom unit*. By pinning :s beam of ultraviolet light through a 
quarts prism, this can be subdivided approximately into three dtvi 
eions-r the fur ultraviolet raya f ltlOO in 3000 Angatrom units), middle 
u I Ira violet (9000 to ftQUO Angstrom units), and near ultraviolet (S000 
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lu 41)00 Anjpii'uiii tinitti), In nmjthrr imoitotipiiviuutntbtmkiluw'ii, Ui« 
ultraviolet sq wet rum redivided inlti four jmrt». (lie divisiutia or 
beim; bused, upon (be use of tin-sc specific rod int bus or t*J ilividni 
bused Upon llieir principal: effects. From l f KJO to Aug-troiii 

uni it lit? radiations which form u toxic sues, (Stone, the so-culled owmo 
for m ing ultravinlei rudiaiiuns. In the roup} from to 2SM<i 

Antrum units an to In? found radiations which are elJeulivo in 
dpatreying giinttflv In the range from aSOO to B9Q0 Angstrom tin its 
lit,- i i i |>. fun ml the “Uioh^tivdJy rfftvLive" radiuliuns, tlv.se produc¬ 
ing sunburn; nlld beejtinu* I hoy nl** ure nnfiil in ucUvntimi id vita mill 
I>, sHrUu-titnes nee nailed tint Uhtiradiith ultraviolet ra «lin lions 

In thn'nuigu from itfOO ti> -MOO Angstrom units or the region duanst 
ti< th- viKiide Hjieotrum Im- It. found nullAth-i ir-cfol for their 
(tuor‘^ent di-rplftyend "I value in —tnr ty|*n ..f ( .holography 
divisions lira nut very sharply defined; 1Itry frequently merge nm| 
often actually overlap considerably. However il is important In note 
that the chemical and physiological actintis of these rnys di jH*tiil 
upon I ho length of the waves mu lei rig up tln^e different radial inns 

Tit ANHlllBH t ON OF OLTEUVililJJt MOOT 

Before eoiLniderihg the value of ultra violet light as a sanitary tool, 
there are other imnsideratjotis which should Vie directed In jour 
attention. All rays of flits sun pas* through the ulmodphere before 
I lie? reach the earth- The ordinary jUiHot-phone will allow the pms- 
sage of infrared rays and the rays of the visible ‘peemun. Moat 
ultra violet rays from the sun, however, fail to reach tho earth. Ac¬ 
tually the air nets ns a (inferential liltcring medium holding bach 
many rnya. In most places nidi nr ions shorter than 21KHJ Angstrom 
units never pe net rule lo (ho ground; in but tho shortest to reach 
as U usually from £ff+50 in !11<Xl Angstrom units in length. Loss 
tluin 0.1 percent of the lol.nl radiations from the srtin is in the form 
of ultraviolet rays and almost all of Lhe latter are temgur than 2900 
Augafrom units. Furthermore only the long ultraviolet rays will 
pass through ordinary window gla-<% While the latter is trans¬ 
parent to the visible light rays?, it is opaque to light of wave leugllig 
shorter than 3lm) Angstrom units. You will not*' from these observa¬ 
tions that sunlight reaching na t lucre fora is most frequently devoid 
of an active germicidal effect and that Is especially the case of enn- 
light that has passed through an ordinary pane of window glass. 
On the other hand, a special type of eoaunordil glass, and in par¬ 
ticular quarts, allows the jiassago of ultraviolet light possessing wave 
longtlra shorter than 2BOO Angstrom units. Tfiia is of paramount 
importune* in *anainrin and awmrtes, where it becomes necessary 
lo use gboo of sproutJ c imjNrtiition instead of the ordinary wiitdow- 

ii'lf.ni—*3-16 
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Pftnc glass St. Its to transmit into the interior biologically aetiw ^ys, 
ami in the manufacture of equipment to be used for an artificial 
enure® of ultraviolet light. Furthermore most ultraviolet light is 
absorbed bv thin layer- of fluids containing proteins or turbid mute- 
rial, bv layers of oil and grease, and also by tissue celTusir ts 
not penetrated more than 1 millimeter (0.030 of an inch) in depth. 
Very Ihcrt wmve-K'iigili radiations ttra absorbed by *ir in fciua prmluc- 
tioit of oxono. Tins® facts must be considered in the practical m* 
of ultraviolet light as a bactericidal agent. 

tlENERATINfi DT.TRA'VTOUTT UOBf 

Artificially generated lighi is just as effectivo as the corresponding 
ravs of EiiuUglil that p<vrj >- Llie same wave lengths or ttif- same in¬ 
tensity. The source of ultra violet light bus very little influence 
upon the result, providing the wav® lengths or intensity are identical. 
The sun, the natural generator of ultraviolet light, in not always 
available. Even when uvailnble the tint unit germicidal ultraviolet 
revs cannot he harnessed conveniently to lie supplied to environ¬ 
ment* noL reached by sunlight It therefore became necessary to 
provide some mean* of artiiicially generating ultraviolet light «i os 
to make it available whenever and wherever needed. When investi¬ 
gators, especially during the pant two decades, report*! marked de¬ 
structive effects of different microorganisms by controlled laboratory 
tests using special artificially generated short wave lengths of ultra¬ 
violet light, the latter hailed as the ideal sterilizing agent ami 
its use was advocated far and wide. As in other similar cunt’s, not 
recognizing that its application ie bounded by distinct l imitation a, the 
use uf ultraviolet light was soon discarded owing to it* abuses, and 
alsn to i ha fad llmt many of the ultra violet genoriuors available 
were not only expensive but produced radiations which were un¬ 
suitable as germicidal agents. 

nENfTSCHLKRl KJNfi PUOOESB 

After several years of careful ^elitb and oXttlisa 1 ' oipottmental 
work, Dr. Hurrev C. Item achler, engineer and research director. 
Dr, Itobcrt F. James, b*ct< riolugisr, and other workers aasociatiid 
with Wcetinglmure Lamp Division succeeded in designing equip- 
t n w n f. for ultraviolet radiation which is inexpensive and overcomes 
most of the objections mado ttguinsfc other previously introduced 
ultravioh‘1 gaiHuatofs. The radiations produced by the. latter were 
found t" cover broad j utber than sdectitv bauds of wave lengths, 
which were found to bo most affect ivo as germicidal agents. In 
many of the generators tu»d previously, an appreciable ammint of 
infrared rays was generated, resulting in the production of high 
icmjwralures dmi; g operai ion. Such operation in refrigerated com- 
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p aliments was costly and tit>l practical. To keep thf* hf>ni 
from the material tiling < nAUtd t ^ generators had to be placed fit 
relatively long Uhstaurea from them, resulting in a marked decrease 
in the effectiveness of the shorter and highly germicidal radiation* 
In other types of generators, there was n large output of high ruo- 
rentntitt* «/ ozone and nitrous oxide, which «ei* ohjeeiioimblo, aa 
they jjfccted hnnuins and inanimate object being treat™. Yw 
new]v introduced etpiipraant or so-called ultraviolet lumps hiivo 
evolved from * careful segregation of different aura lengths and 
the diminotion uf other short-wove radiations that are T&lnele=& as 
bactericidal agents and even undesirable. 

By a simple and rapid method for measuring ultraviolet radia¬ 
tion, a better understanding of the action of uliutt waven on germs 
has become possible. In foot it wua found that radiations or short 
waves generated at the 2537 Angstrom unit region of the spectrum 
possessed fluo greatest sterilizing or germicidal power. 'I he intro¬ 
duction of this nfflW equipment with on effective ultraviolet bmp and 
tha practical application of selective bade Hr idol ultraviolet waves 
or radiations developed into a process known by mnny a= the lent* 
schkrizing process or tunlschleriaiticm. Those terms mv Uliing their 
place today with the term “pasteurization" named after Pasteur, a 
procss* in which moist heat is used to render diucase-pr oh luting hiie* 
teria innocuous. 

CI.TitAViot.KT LAMPS 

Many of you are familiar with or have seen Eun lamps or* so- 
called health lamps. These sup bmps generate waves or radiutions 
which vary in length from 2800 to 3200 Angstrom unit* Aocordlngfj 
they supply mily long iilhuvtoh I waves util practically of tin- (nine 
Intensity us we pvt from sunlight under ordinary conditions. In fact 
ihc ghtss used in sun-lamp bulbs will not allow the passage uf radia¬ 
tions of wave length shorter than 2800 Angstrom units. Sun lamps 
therefore do not transmit ultraviolet radiations which are gnuiictdiil. 

The effwti it ntt ravialel lamp? used today to gone rare radiations 
of value for the destruction of bacteria depend upon a carefully 
planned type of vapor source, emitting eon trolled and selective bao- 
rericidul ultra violet radiations. They consume u minimum amount 
of power and radiate a minimum amount of heat energy, llicy art 1 
almost identical in oration with the fluorescent bmp, except that 
fluorescent powder i= absent, A* the current flows from electrode to 
elect wb through mercury vapor {to widdli other ga*s are frequently 
added), very little visible light U produced,hut most of the output of 
its energy is concentrated nt the 2537 Angstrom region of tlie spec¬ 
trum, At least @0 percent of the radiant energy is Crowded int* ult ra- 
violet radiation at this region which provides the most effective gErmi- 
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cidul effect (2537 Angstrom units)* In the rase <>f a, fluorescent 
tump, the powder prcwnl on the inside it- activated and IlnnrrFccnce 
is produced, In (he ruse of the ultraviolet lamp. The ultraviolet 
radiations generated puss through a special i yjn- glass used in making 
111 * lamps* nils glass is purposely cforoeu os it will n]|<iw t] t a passage 
of the selected waves of ultraviolet radiation nf great germicidal 
power and nt the same lime absorb rm-^r of tin objections hlo ultnt- 
vifikt wav® l.-ngth* in I Hi- ngcmvt'-prndt icing region. The low vapor 
prefflure oful low current density in i be lamp *Js<> reduce t<> a min¬ 
imum the radiations entitled in the visible sped rum. Ultraviolet 
lamps radiate energy of wave length ranging from 2(.HK1 lo 8B0U 
Angstrom units and. a* men l ion i d previously, fnr*t of the radiation* 
are 2537 Angstrom unite in length, Inasmuch as mmt of the radia- 
liana are not visible. individuals are promt to forgot that ultraviolet 
ltllh|18 when operated should not he ro wed by unprotected eyes for 
long period* of time or especially at close range, na a conjunctivitis 
may develop. 

Equipment provided with suitable ultraviolet lamps has |*en 
designed to fill practically all nred*. These Tamps are marketed 
under differsn( trad* nnines, among the [utter being the Sterilnrnp, 
Germicidal Lump, Safe-T Airc Lamp, and the Sanimy. The 
lamps are dcatgnrd usually to operate on nl tern a Ling current tfi rough 
a low-capacity irn on former. If only direct currant is available. a 
converter unit is necessary. Several lamps, wired in series. never 
in parallel, ran lie operated from one transformer. The lamps are 
lighted on the turn of the switch, Other than keeping them clean, 
there b no more attention required limn is necetBury for an electric 
bulb. These (amps are available in different sizes fur use in all kinds 
of fisiun-s, n fist Lira und ultraviolet Sump being n complete unit in 
itself. After long it**' and even it low temperatures, the lump may 
show some discoloration, the latter in turn abeoitsng some of the 
ultra violet rays. Ultraviolet lamps have a more- effective life when 
operated it temperatures above 40 degrees F. Under average con¬ 
ditions of us*?, they wilt operate for many thousands of hours, giving 
a continued service for at least 0 months (4,300 houra) before ro- 
placement becomes necessary. 

SAjrrnzATioN 

Ym are familiar with the term ‘ sterilization” which, speaking 
broadly, refers to tin- destruction of every form of life, visible or 
iin Lililft, harmful or innocuous. The term **gcniiioide» T ' referring to 
agents which kill germs, Is used synunviuuiisly with the term ‘'bac¬ 
tericide” signifying only thus,- agents which destroy bacteria. Tlvo 
terjii “jjasteuriration t * previously mentioned, refers lo a process which 
Fubjrats products affected by heat to temperatures stifGcient to destroy 
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certain, germs, eeped^lj those producing disease, and to reduce the 
total numbers of all forms of life present, without rhinmging the 
product under treatment. Pasteur vmi ion does not kill all germs and 
accordingly doe* urn effect a complete sterilization* 

Ultraviolet light m emmnoidy used does not render materials sterile* 
The term 'vterilizntiiMr' hr m* I i marred ly when applu-d tu U m use of 
lilt ravin let light, ^ince the complete elf-tract ion of fill farm* of life b 
rarely attained by \i$ application in pnictiov. Furthermore this is 
never sought, and in fact turn a sanitary viewpoint is not necessary. 
Ultraviolet radiation, when 11s+r:i(, in employed to reduce she total gmn 
content and especially for the destruction of those organisms causing 
disease or capable of drcomjMising mote nab* It is not practical to 
effect complete sterilization. It is on this account t lint for want of 
morn suitable term* the weirdo initio " anti ‘Sanit butimi 1 " have be<m 
advocated in phier of sieriJUaLimi and disinfection. Sanitization is 
that process which renders materials free of organisms that produce 
nr urn topabln of [lerumjjasing fcnhstanees, or which are indica¬ 
tive pf insanitary conditions, Thr term describe more satisfactorily 
the action of ultra viulvt radiation and has come in u* uw especially 
w lion thr Utter b employed as a limitary aid. 

FAf TQHS I ONtMilKKD IN KlTFlGirriVK HAD1ATIOK 

There h a variation in the apparent -enaitivitv to iillra vioh | radia¬ 
tion not only by different f peine-- of organ hm* but this variation is 
found in the same species at different stages of its life cycle. The tlifck- 
uc-8 of a layer of urpmisius to Ik? i'jhJ lij ted and t lit" fact that individuals 
in n dtmip may m bifid others from radiation are to lx* considered. 

The amount of water vafKir preauit- hits «ti influence <m the effect ivi:* 
riesi of ultraviolet. ridhtiUtL At ordinary room tempera hi rev, much 
more ntdiatinit is mptimi lo dr-troy genua tit a bigSs humidity than 
at a low humidity. 

The action of ultraviolet light h practically n surface action. It 
poaaesst^ only very slight penetrative powers IfadioLion therefore 
Jiiust reach nil surfaces In be vftw -live. In order U> mainuiu projan 
intensity, lamp- should be clmned, and regular ami I borough cleaning 
of materials and HiiiiranmenJ* wherev it practical w ill be most lulpful. 

Use intensity is itdllirmcs] by ihc distance that the surface to be 
treated may Im 3 from the ultra violet radiations:, The rfjgtanire mirf the 
time of exposure are important factors to be amsiifered at ail times 
ivlion using ultraviolet light for the detraction of germs. An vndicii- 
tioii of what lids means is to note Unit u SVD-iJfteh lamp general I ng 
mainly Angstrom unit wuv+* length* will kill almost all of the 
commonly observed mm-spnre-forming bacteria within l minute, when 
at a distance of 1 foot, but it vh ill require I minute if at a di-lumv of 
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3 feel, lu like murmur, radiation of 3000 Angstrom units wilt require 
six times os much energy to be os effective as radiation of ‘253? Ang¬ 
strom units. 

Radiation!* (ravel in straight tinea. It may therefore Ik- necessary 
to add reflectors to equipment, hut it is tntfKilimit that the redectoni 
are made nf material which will absurli hut * minimum amount of 
the rays. In other instances, especially cm expwixl foodstuffs, the 
proper ratio of wave lengths between 1000 to SOOii Angstrom units 
present in the lamp will convert (he oxygen of the air into ozone. 
The latter, a germicidal agent, will diffnw and ranch areas inaccessible 
to the radiation*. In the concentrations present we do not encounter 
the olijactiunable features noted when ozone as the eole effect ivo dis¬ 
infecting agent must be present in the high concentrations usually re 
quired. 

In general it can bo said tluti properly designed ultraviolet lamps 
from which 2537 Angstrom unit wave lengths radiate am available 
to be used under conditions as advised by engineers. These lights 
have been found satisfactory in practice after thousand* of experi¬ 
ments. Where special occasions arise it may bo advisable to deter¬ 
mine beforeluind the necessary electrical characteristics and umUrkle 
of construction required. 

The use of projierly constructed ultraviolet equipment will supply 
a tool which will be a valuable sanitary aid. One may work freely 
within the radiated space* and expo Hu mm no til effects. It j * n d- 
visablo to wear eye shades or shaded glasses when work is to be 
carried on at dose range or for long periods of time. Imperfect con- 
tr«I or overdoses will not produce any poison on* byproduct and will 
uni Impart toxicity to the substance or material under treatment. 

APPLICATION 

Tlie use of ultraviolet light of proper intensity, another great scien¬ 
tific achievement, is now available a* a practical sanitary aid with 

widespread applications. Equipment, designed and installed at low 
cost, ran 1* adapted for a great diversity of nses. It will be impossible 
to consider in detail tlio wide opportunities for its many applications 
and the enndi tions under which i t can be u nd is used. Important facta, 
however, will tie presented revealing its efficiency in certain fields; and 
in other instances, attention will he directed merely to many other 
use* to which this process can lie anil is being applied. 

SCIENTIST’S ABR1AT, WARFARE 

Bacteria and other microorganisms are present in the air and at¬ 
mosphere. The latter scire os transmit i tig agents to enable the organ- 
terns to gain access to a more favorable environment. The Linds and 
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numbers of mieroorgatiiaup in tlie air vary in different oiivlroruuaiitis 
and in the same environment at different periods, but certam fotm= arts 
genera fly present. Molds, yeasts, and spare-bearing bacteria. nil nf 
which may be non -disease-producing, ore rather common. Air laden 
with excessive amounts of these organisms may be responsible for the 
contamination and spoilage of foodstuffs and different products. Most 
disease-producing bacteria are not found In the air under ordinary 
conditions as in tin* home, or in the average working plant- How. 
ever, under appropriate conditions, especially indoor? or in enclosed 
spaces, disease-producing bacteria may be found in the air of such 
environments. They may remain viable for considerable jK-riod-A 
of time, oven drift aronnd in the air currents, and thus ccuntitule 
a hygienic or sanitary hazard. The elimination of such hazards 
especially in hospitals and other institutions has boon of great con¬ 
cern to everyone. 

Workers in all branches of *dence have been constantly at war 
with another kind uf enemy—small invisible foes that are lurking 
constantly in the atmosphere. 'Hie control of the sanitary quality of 
the air in environments where foodstuffs and other products are pnv- 
cssed or stored, by means of ultraviolet light, which are death rays to 
these invisible foes, has reduced markedly spoilage losses. 'HiIs same 
weapon, made a vail able easily ntul at all times, lias supplied another 
invaluable tool for line continued batllo against those smell invisible 
and undesirable organisms which cause all kinds of scourges mid are 
ever ready to attack us from impenetrable axubuscadea. 

ritAlTTCAi ADI SANITATION 

llQxpiUtk .—Anvune who is familiar with the histury of the be 
ginning of modern aseptic surgical methods will tell you about Lis 
tear's technique in which he attacked the problem of bacteria in the 
air by using a carbolic acid spray before mid during operations as u 
nii'iins of killing all, or at least decreasing the content of, the disease - 
producing bacteria in the atmosphere end thus reducing the number 
ei cases of poalnperat ive infection. Sprays, because of Um difficulty 
of providing practical means pi application, however, were not 
found to be very effect ive. The introduction of air-filtration process 
and modem air-conditioning sy stems has not proved to be adequate in 
all instances. These measures, however, aided by ultra violet light 
or the latter by itself, applied continuously in operating looms iutv« 
resulted in an iilmieL complete diminution of wound mnlamhintiuii 
from air-borne bacteria. This changed condition ban brought akiul 
an improvement in clinical results that b* agreeably surprising. 
Wound healing lias been more rapid and with less reactions. Tliti 
general postoperative condition of patients has shown marked im¬ 
provement. The fatality rate has been cut in half through the dim 
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tiiAliuii ctf hi£j*> nf -ipTPr<* wminil infi-dimi wliMi vrm frequently fiUal. 

In up? rating r««mw fhvrt ultraviolet Irglii is pitljieifj i&n tailed, the 

greatest amount of air in stieli rooms comes ttmler the cuntinunus 

direct action of the rays. Sterilized instruments and other rump* 

mem. dressings, bandages and other materials can be kept sterile 

hv eontinuoiii ultraviolet irradiation of ihc air in contact with tnielt 
■ 

materials This method is used in hospitals in the private offices of 
pliysiriniTs and dentist^ by famrittr* and Lx^uii^kt!^ and others. 

In tmrscrk% in ciibicks, in duUlmnV: «urds ? better air esn Station 
nnd nduml risk of wmm infection* have reddled from the use of 
ultraviolet In mimy instancy the ultraviolet my* b*ve been 

property placed acros the entrance to each unhide nr Email room. 
Such a barrier or curtain of ultra 1 violet Holst 1ms aided in preventing 
Lhe spread of air-bo me bacteria. Properly engineered in stalk! ions 
will menii normal nnd comfortable air current* free of dketM»pro- 
doting bacteria, which will p*m through iirxirway* or corridors nr 
from ward to ward, and will tiimiiiate (he danger of cross infection 
or of transporting infectious organLsm^ from one patient to another 

Not so many years ago. fumigation was a comm only practiced 
procedure. Booms and other quarters which had been occupied by 
patients with contagious diseases were treated with fcttiiiJildrhydtt 
and other suitable giwes, but tin Ie method as ti smiifury aid fia dif- 
continued berime of its incffiriicy, Other techniques for the dk- 
intertion of such ermrotunentH have boon used, bm all of them are 
coatfy ur time consuming, or then? are other rntu?ons for seeking a 
more- satisfactory procedure Ultraviolet irradiation is being itsed in 
various cnaUigious-disenHe hospitals as a valuable aid in the pi opera¬ 
tion of hospital rooms, not only to reduce the Icngiii of time of prep¬ 
aration and thereby increaso the length of time of occupancy, but 
also to prepare rooms with an atmosphere low in tlitr content of bac¬ 
teria mid certainly lower than wa*> previously possible* 

Hospitals are experimenting with ultraviolet inridmtbn in 
quartern otliur than mentioned above, us in kitchens. un conveyor* 
holding food tray*, in corridor?!, waiting room*, clinic roerms, dis¬ 
pensaries, examining mun§, incubator rooms, nurseries, isolation 
wards, etc. 'Hip experience of the management in the foregoing 
will make available in ihc near fnhire more data consuming LUia 
valuable sanitary lifeguard. There are some physicians and dentist* 
who are using ultraviolet irradiation in the waiting roomd of their 
private offices- Solaria, children’s home!-, and other institutions abt> 
are utilizing this new took 

A i r- con if it 7 on fn $ system *.—N I odern a i r -con d i r i on i ng sy s reins pro ■ 
vtde air which is at the pro[w humidity' and desired temperature, is 
practically free of dust and dirt, ami is low in its bacterial content 
In these systems there usually w a recirculation of the air in the 
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quarters supplied, Most of this reeircutetod air I'cfore treatment is 
contaminated with bacteria. The proper installation of ultraviolet 
radiation in air-conditioning ducts is practiced commercially for the 
destruction of bacteria. By this method nothing is added to the air 
nor is anything which is desirable removed. Xut only "flke, apart- 
utont, and other buildings, hut inuny railroads are now using ultra¬ 
violet irradiation in combination with air-conditioning units so an to 
coniin] hotter the sanitary quality of the air supplied* This supple¬ 
ment |»ttr£ects air comlitilining, for air sanitation joins the physical 
comforts offered by the latter. We can aspect more anil more stores, 
llicutore, restaurants, other public places, and private homes to have 
l Ilia new type of installation added t<> their quartern 

Manufucturiftff plant* tintl tetiiiuj laboratories* — In pharmaceu¬ 
tical, chemical, and biological laboratories whin- in the. mu mi fuel u re 
of various preparation^, especially serums, vaccines, and other sterile 
medicaments, it is important to obtain a sterile end product for 
marketable purposes, ultraviulct rays employed during id) or many 
■ if i hi stages of processing bucIi preparations, by eliminating sir 
borne bacteria, have prove*] to be u valuable aid in avoiding possible 
contamination. In the preparation of ointment*, cn.-motics, and 
other pharmareulien Is, lln< keeping qualities of ilieso preparations 
ore reduced and losses result because of spoilage dup to die develop- 
munt of fermentations liy yeasts mid other hart or in or by growths 
of molds and fungi. The use of ultraviolet irradiation to maintain 
bacteria- and mold-free conditions in the air during this processing 
and at the same time wherever possible to aterfltae tho tui-faces of 
jars and other containers * object to mnUmhiulkm has resulted in 
prolonging the life nf three preparations. 

In testing lalKjriitones, where till hinds «f materials are examined 
to determine whether they are sterile or to note the bacterial content, 
it is most important that all precautions lie taken to eliminate con¬ 
tamination during the period when the materials are removed fur 
the tests In be made and subsequently whim oxtiminations are con- 
dueled. Aseptic conditions throughout ore abttduidy cBoenl ial. Air¬ 
borne contamination is the dread of all workers who do culturing 
and conduW other bacteriological examinations. The use of *leil.ed 
ultraviolet radiations is n valuable addition in combating possible oun- 
tamination during such testing. Suitable equipment has been de¬ 
signed for a portable nitre violet unit which can be moved cosily at 
will to any quail *-r ami irradiate effectively areas of definite cubic 
contents. 
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SANITATION IN THE FOOD A.V1> BKVERAGS IMDUSTftffiS 

A large number 'jf installations df suitable equipment radiating 
the selective hands of ultravioli't rays have been in operation in nil 
kinds of food establishments und bottling plants and Imve demon¬ 
strated (heir effectiveness and value. Important considerations are 
presented- 

Meat industry .—Fresh meat composed of nutritive aijt^taiieea and 
approsimatoly 80 percent water, an ideal environment for bacterial 
und mold growths, will spoil unles® ft. i- kept properly. The com- 
rwoily practiced method of preservation is to place such moats nndtir 
suitable refrigeration or to keep them in properly operated cdbl- 
sturagfi plants. But even under the most conditions, physical 

mu! chemical changes occur. Evaporation occurs and there is a ma- 
terial shrinkage, resulting in a reduction m weight which frequently 
is aEi appreciable percentage loss. G>rtain types of bmrteriu und 
iindila develop even at the low temperatures used. They produce 
-.lime und coatings which affect the odor and flavor and emit# a change 
*tf the natural color. Ii therefore becomes iiecessarv to trim the meat 
and to wash and clean the surfaces to remove the gmwtlm and avoid 
nu impairment In flavor, color, mu] odor. The result ant (tnariciul 
losses are self-evident. The presence in walt-ui refrigerators, cold- 
storage rooms, display boxes und cabinets of pmporly installed equip- 
itient radiating the selective bactericidal ultraviolet, light and 
containing low concentrations of ozone (not more liiun 0.1 jiereeiit) 
him provided a means of reducing the losses and making available 
more satisfactory tuid more soluble meats for human cunsumptton. 
Irradiation is said to produce a very alight surface coagulation which 
does not affect the color, tasti^ur odor, but it drn?s cause a reduction in 
the L-vaporatiim und subsequent shrinkage. Some workers claim that 
ultraviolet light ns common I j used does not coagulate the surface of 
tin? meat, but admit that owing to the sterilizing effect, an additional 
saving results. The humid tty'out be mer™*! in the cult! environ¬ 
ment to ffii or SHI permit, whereas in the cold-storage gysUmiB in pres- 
eitt day service without irradiation, it ranges frnm 60 to 7& percent. 
Hjos prapprly aiigiiiwn*d ai±ssnlJ ui3-i.hv.s provide for tha destruction of 
hat ter lu and molds not only on the surface of the meats but in all 
parts of the cooler Including the jtir, ceiling, walls, etc. The reduction 
of budcrial and mold growths reduces to a min imum the usi'essilv of 
trimming, and especially deep trimming, with ii* resultant waste, 
and the production of bad odors, flavors, and objectionable appear¬ 
ances. Ultraviolet light properly used for meat, wliethnr in the large 
walk-in refrigeratui. tbe refrigerated freight car, the small cooler, 
or t u} r-pIriffcratetJ disfpliiy ii&f® or will produce an nil-round 

h?I and i uutii rHiidhii'y product, und obviously fit a reduced tost* 
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The Tenctem* protose, developed by workers at The Mellon Institute, 
which ha* for its puqjo>su the tenderizing of meat, utilizes ultraviolet 
light for inhibiting mold and bacterial growth as an essential part of 
its operation. 

Ettkirnj and dotty ir^friet.—'YW bugaboo in the bilking plant, 
is mold growth- Throughout the entire processing conditions ire 
ideal for tile development and proliferation of molds of all kinds and 
object ions Id e yeasts. In the marketing of the finished product, 
whether bread or cakes, you have in most instance# fresh moist mitri- 
tire materials which also lend themselves fur the development of 
objectionable yeast* and molds from yeast and mold spores in the air 
and from other curves which may rind their way in <>r cm the bread 
or cakes. Many of the large baking establishments were among the 
first to introduce ult n violet radiation in their plants. Their products 
are kept under the- protecting rays coming from suitably installed 
equipment throughout the entire processing m ■< < qwcially from the 
moment they leave the oven until they are packaged. Conveying, 
cooling, slicing, and wrapping are conduced under projur irradiation, 
which even renders wrapping material free of contanunation by urulc- 
siriihli' yeasts, molds, ami bacteria, Hjt* only are the air and the plant 
equipment that comes in contort with the product ctmiiminusly irradi¬ 
ated, but the destruction of undesirable yeasts and molds on nuts, 
raisins, and other ingredients added to bread and cakes is effected by 
treatment with ultraviolet light. Thk important sanitary aid has 
improved the keeping qualities of these products so that they can be 
kept in a safe and usable condition for longer periods of time in the 
usual channels of distribution and after they reach the couRimcr. 

Many uses of ultraviolet irradiation have evolved and are evolving 
in t ha dairy industry, Its use in dairy tarns for keeping #1 t-ri to dairy 
equipment during storage, and in plants proper in the storage and 
cooling rooms, in vats and coolers, in storage and tank trucks, and 
over milk-bottle conveyors to insure freedom from contamination after 
the bottles leave the washing and sterilizing machines until they are 
tilled with the milk has resulted in a marked reduction in ennui mina¬ 
tion, Similar reduction and resultant financial taiviugH have been 
effected in tlw processing and packaging uf butter, cheese, and other 
dairy product*. 

Other foods and bene fages .—Ultraviolet light is being used as u 
sanitary aid on the farm in poultry houses and in incubator roomg. 
In the marketing of preserves, when glasses and other containers of 
jellies and jams are allowed to cool befor 11 they are capped, contami¬ 
nation and subsequent upoiluga may occur. The use of irradiation 
during the cording operation eli mi n ate s contamination to a large 
extent. Similar application is made in food plants marketing «aUd 
dressings, in the frozen-food industry where fruits, vegetables, fish, 
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and teller products are treated with ultraviolet light U-for« they are 
frozen, and in the packing and stursiga of fruits mid vegetable, thu 
hitter being passed muter a hunk of effective ray& uml then wrapped 
or packed or stored in an environment whore the rays are pnwnb 

The beverage industry also is utilizing this new sanitary aiiL Bac¬ 
teria and molds may affect the flavor, -Rtnr T ntul appearance of boLllod 
drinks To dim unite mudi contamination or at least In keep I best? 
nhjrctiojialdc invaders at n minimum content, nUrsYiotiH light w tedng 
need in the syrup mts and other ranks, over the bottle conveyors for 
treatment of bottle caps imd stopper, and througlmul the plant in 
general. A possible future appliml imi of thU process is in the brew¬ 
ing and termcnUtm industries. In the* inn no fori u re of beer, wine, 
nmj other alcoholic 1 leverages there are nmny opportunities for 
hlc contamiutiem by hncteria, undesirable yrasta mid molds, resulting 
in the production of uhjretionnblo products- The its® of tins sanitary 
tool will undoubtedly l>o helpful here in reducing spoilage hisra. 

RANI TAT! ON OF DEINKIN* 1 '.NOttATlTO UTHtfilUS 

Proper sanitation h necessary in establishmerits erring foods imd 
drink* to the puttie. One of the great dangers in such places is the 
possibility of beaming infected with di^i ^producing organifvms 
from a common drinking vessel or from ntiusiln not deaniiod arid 
rierilteed projierly. 

The Brst law passed in the United Stairs against the common rul¬ 
ing and drinking utensil was in I tint) when in Kansas legislation was 
adopted prohibiting the uso of the common drinking cup. The urn 
of the common drinking and eating utensil is dangerous mid undoubt¬ 
edly is a source of the spread of infectious discuses n- it servos nu n 
vehicle for the transfer of saliva, Unfm innately f he common drink¬ 
ing ghss still survives in some offices, factories, public and wmtpubtic 
places and in other establishments where people n re working or am 
found and where water Is consumed. The use of either :i common eat- 
ing utensil or, what is as dangerous. improperly r leaned drinking and 
catmg utensils, adds greatly to the opportunity for i\w transfer of 
Sftljvtt with all Llic health hazards that Ktifih eJCChmvge implied, Psir- 
ticulariy during the last few dreader has the danger t*codmn R ven 
greah’Towing to frequency of tnivirl and the ticrnendcmx increase in the 
rmmtar of cafeterias, rt^fmirnnls, taverns, roadside srtfinds, diners, 
lunch nr^njp, hare, luncheonettes, and soda fountains. Improved 
methotb. of washing dishes and drinking and eating wtonrils and the 
use* wherever possible, of individual sanitary pajier service will he 
necessary to keep down to a minimum the exchange of mu nth ^-en tions 
whioh is entirely too frequent* Many laws and numerous regulatory 
measures which liuve the force of law have been pa^d In the form of 
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municipal or township ordinance^, county or Slat* laws or acts, or 
dliter l«gis!»tira statutes, Usually the health departmenta and oc¬ 
casionally other executive branches in* tespoa&fiiblc for the enforce- 
men! of thvas regulations In many instance such regulations arc 
nonexistent In other*, the existing lawg are inadequate to toeet mod' 
ern conditions or are impractical of fltlorcoWtfiL 1? we find 

thal there is no attempt made to enforce adequate legidatiofiu Wliat 
i H even os Important is tfie fact that there is contj^rutively little uni¬ 
formity in the methods advocated for den using ami stieriltaing drink¬ 
ing mid eating uiensils. There is a great diversity of recommended 
practiced wbjch should he corrected* In the use. of hot water and 
iJunriail* for the fiterilbfiulion of glassware and ot her eating ut vimte 
inanv problems are encountered especially when operating on a small 
peak, The maintenance of the proper and effective sterilizing tafr- 
peruturcs, the use of dicmicul iso lotions which can be kept at idapikb 
strength, the elimination of discomfort to operator* in working with 
chemicals or with hot solutions, the elimination of odor* tmd strum* 
and the reduction of breakage arc some of the features to be cummlered 
in any practical process. The use of ultraviolet light may help to solve 
this problem and the introduction of suitable equipmuat low in cost will 
undoubtedly provide a satisfactory means of seeing that all eating 
uteneib will t*e kept up to proper sanitary nqairai)enl& 

As a direct development of the scientifically proved value of 
selected inys of ultra violet light, eating and drinking itteutiln after 
proper desiusing and drying are being Biuittod with this ont.-tatul- 
ing scionlilk discovacy. Thu effectivenc^ of the rays for this pur- 
[rtiSD is tlcjmidunt on their proper application Otiu&tiE, knives, forks* 
HptiQttS, fUid other tri|iiipiuout to be aiiilm-d oiUst treated in such a 
Etmnner that all girrfsces (iti&dfe and miL*ide) are expos-ed, directly 
or by direct reflection, to 2M7 Angstrom unit rays for a sufficient 
period of time and at a* short n distance from the source of the raye 
os physical limitations will allow, Projierly applied* the time re¬ 
quired is but a few minutes to bo assured that all disease-producing 
bacteria have been lulled. In this ]>eriod of time, practically all 
diseafw-prodming bacteria and more than AD percent of (he rota I 
number of bacteria preftrati, are destroyed* An additional valuable 
feature is that irradiation run be and is employed to maintain the 
“unitary condition of the utensUi until required fur Itsfc* \uu have 
seen glasses, dishes, knives, forks, ^hmulm, ami oilier eating nimurils, 
affc&r cleansing, lwi.ng stored on shelve or in compartments or cab¬ 
inets. During suds ordinary storage the equipment is not protected 
generally from air-borne infection or from contact with diitt, 
and other possible means of cmita niuintion, especially after being 
handled bv waiters nml others who in picking up one or more men- 
mk, frequently touch nth era. Dltraviuleft Uglily an efficient dry 
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sanitizing process, »Ln> tnttkAi possible an effective dry sanitary 
storage at alt tinif'E. 

Various manually operated equipment and, of greater convenience, 
mechanically operated equipment is available for SAnitiling mating 
and drinking utensils and keeping them. sanitized until ready for 
use* Cabinets cosy to install and operate m marketed in many 
attractive designs of different capacities tibajiea, sizes, and colure, 
and they arc equipped with direct and properly reflected ts*l«iid 
ultraviolet rays. They operate automatically, so that each utensil 
receives radiation for a definite [icpiotl and oil removal tin* current 
is automatically rli^ccmnoctcd. These units are 7 ery effective ami 
perform their function of sanitization mure rapidly than other 
methods* They ore adapted for use not only for large-scale hut 
especially for small-scale operation at soda fountains, bare, and all 
places where beverages are served; and hero the cabinets provide un 
attractive appearance tut well as visual evidence of a safe ami effective 
sanitization procedure. 

o nil’ll APFUrATiosa 

Ultraviolet I am [is have teen installed and ultraviolet radiation 
is lasing employed for the sanitization of many different materials 
■"id environment*. In hotels and in public and seiuipublir plncew, 
this treatiDcnt is being applied tt» tlm sanitization of toilet scuta. 
The unit is so constructed Unit after cadi ust* tlits sect is auto¬ 
matically raised into a cabinet containing ultraviolet equipment ,u u | 
it is subjected to ultraviolet radiation. Properly constructed cab- 
inets are in use for the saidtizaiion of Imir mid shaving brushes, 
combs, tooth Lreplies, ami rngt rume n to and equipment used bv phy¬ 
sicians, dentists, chiropodists, barbers, and teHUtidjms. 

Though previously mentioned, it is of sufficient bnportonre to 
direct yorir attention ngnin to the fact that ultraviolet light does not 
pusses deep penetrating power?, and furthermore, a direct hit on the 
giums by the proper ray is necessary to kill the m. All equipment 
therefore must be built ami installed in a manner that will permit 
the proper sanitizing ultraviolet rays to reach all surfaces - *f the mi- 
teriais and objects being treated. link's* this is accomplished, ultra¬ 
violet irradiation will bo uncertain and its value ineffective. 

AN ENLIGHTENED PUBLIC OPINION 

Yotir attention has been directed to the foregoing data because if 
is important that each individual umh-retand something concerning 
the dements of dittix control and understand tetter the problems 
facing health workers. The scope of preventive medicine Is ever 
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widening. K?v sanitary sids him} more effective methods itt Iteinfi 
developed po 1itinuotmly for the prevention of many disease# and to 
rid materials of infective agents and environments of insanitary 
conditions. Your familiarity with the data presented will help to 
form Hn enlightened public opinion. An enlightened public con* 
utooMium in all that concerns the well-being of tb« everyday citizen, 
fortified by a familiarity with »m]x>rlHnt measures that can be used 
to promote public health, wlii necessarily result in « greater utiliz¬ 
ation of theso sanitary aids and a more widespread introduction id 
proper sanitary practice. 
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The oil industry. like +>l her grout American industries, has made 
effective line of the most advanced thinking in ninny scientific field* 
This is particularly trite of ils applications nf physics, chemistry, 
engineering, and geology. As n matter of fart, the steep upward 
curve of the expansion of the indue try during the past quarter cen¬ 
tury merely reflects the increasing use of the sciences itl the discovery, 
drilling, producing, refining. si id l ran spoiling operations. And, of 
the sciences that have hern employed, none lias had a more opoetacular 
rif?fi in useful tires than geology nrnl its close relative, geophysics. 

The oil industry differs from most other industries that use the 
mineral deposits of the earth in one important respect, however, 
in that its supplies must continue to lie replaced by new discoveries. 
Whereas in the field of coat the supply for gene tut ions to come lias 
been discovered, Is proved, and is known, the situation in oil is quite 
the reverse. The oil that our children will use is not yet discovered—* 
and being midicovered, ils Location, quantity, and nature lire not 
known. This situation is largely Hie mult of the economic cycle 
of supply and demand—as the h up ply increases, the price goes down, 
and the incentive to discover new supplies wanes. Equilibrium seems 
to ho reached, on the average, when tire known reserves are kept at 
approximately 15 times the current yearly demand—a demand that 
completely consumes the supply ami leaves no residue with which 
to cushion an emergency. The gas tank of this modem engine of 
progress must, therefore, la! continually replenished ttud an tong as 
this condition prevails there will bo a need for methods and 
techniques of dbcovery. 

There is now an tstiinntoi known reserve of 18 to 20 tiillion barrels 
of oil underground—*oil which has been discovered, is blocked out, 
And is available for use. Tills quantity is adequate only if new dis¬ 
coveries can be made to replace it as It is produced and consumed. 
The past nhility of the industry to maintain discovery has been 

> neml fti U»* nnuik InnlinMO Crtrtrifioo at ilt" OilTOniq of Ctilrom, 
j*>H. B«*tPdm«J o I'l-rrri mI nu (ruin Xronooilt Moc, rol. Si. S'uV'.-M'iSrf iNt, 
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essential to ita growth, and if il should fail fo find new supplies. it 
would quickly relapse ii lIj> h stifling routine c|H‘r&lloij and gradually 
stagnate. 

TJm primary work of the jjetrrs1r'“.jin geologist is in the field of oU 
discovery. His work is, therefore, fundaraanlnl and of vital im¬ 
portance, not only to the economy of the industry, hut of ihe nation 
as well, for oil has certainly become one of ihe necessities of well¬ 
being for this ago. Ho does many other kinds of work within the 
industry, particularly m the neon ling, teasing, mid production ilcpurt- 
ments, but failing of discovery, they would ;vlj lie of little value, 
for everything he does is subordinate to hi* function in the main- 
tenniKV of supplies of enuh: oil. 

PmbaUy as goi«t a measure os any of the role of science in the 
duKorery process is to be found in [he most recent of the annual 
surveys made by Lnhec 5 of the basis upon which wildcat well loca¬ 
tions were mode in PitO. During this year lie finds that of tine 3/i‘lfi 
wildcat wells drilled, , or approximately two-thirds, were drilled 
l.iet'uiitc of geological and geophysical and of (lie remain, 

ing one-1hitd. most were drilled for various nontechnival reasons and 
part for unknown reasons. Moreover, he finds that of the wells 
drilled on technical advice, percent were producers ns against 
only 4.2 permit successful in the case of welts drilled for non¬ 
technical reasons. It was, therefore, nearly four times as advan¬ 
tageous to use technical reasons for making wildcat local ions as to 
use nontechnical reasons. 

One of the carious situations in petroleum geology is that in spite 
of our theories, and of all the workers who have given thought 
to the problem, little is known of the origin of oil, how it migrates, 
or how it accumulate*. About all that, is known is that it is now 
found in traiw nf various kinds, and os a consequence, almost the 
entire geological effort toward discovery consists in tlio search for 
such traps. The most obvious (rap is an up-fohl or deformation of 
tlw earth’s strata which will keep the oil within the affected area. 
In the idiom of the profession, then an* failed *S.l.riiota res' 1 and a 
pool which produces from such an Mtminaly U called a ^structural 
jkmI.” 

I^sb obvious and much tnore difficult to find arc those traps that, 
tesult from a variation in the porosity or in the stratigraphy of the 
reservoir rock. Pools producing from such situation* are called 
‘'stratigraphic’' punk Handout drilling has been particularly 
adapted to the discovery of “stratigraphic 1 ' pools, for in them wo 
find no guiding surface or elmlW indications. Most of the oil 
fields of the great producing areas of Ohio, Pennsylvania, Wert 

MT-tau* uJ' lUtL™*’ 1 flrtU,B * *“ (MrctV 0»l. t »ol. * 0 , )>f 
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Virginia, and Indiana. toother with those within tile Pwmsylvanian 
sediments of the mid-continent region, lire of the stratigraphic type 
and wens diicovered largely by the early “wildcatter* who followed 
whatever hunch eeemed best to fit the occasion* Such drilling was 
totally unscientific but because tin-re were so many shallow strati* 
graphic pools to discover, it was effective, and many fortunes were 
laLilt and large quantities of oil were found. 

’Die approach of the petroleum geologist to the problem of finding 
Lraps that might contain oil has been chiefly through his ability t* 
locate favorable structural areas, either by surface or subsurface 
geology, or by geophysical muthods. However, its he is forced to 
fmmii deeiM’r ami thipcr for his dala, and u* it is bwctmnng more 
diRR*uh to find untested structures,” the expense kt>cpfl mounting, 
and h« ^-gradually turning hit attention t<> the {undid lit! as of finding 
stratigraphic type pm>ls. The ammunition tie brings into uw for such 
WOrk includes tin mic r owope, the riceLric log, I«ikii£?X>logy. paWr 
geography, imagination, and speculative reasoning bawd on sound 
fundamental geological concepts. The tide nf exploratory thinking 
is running strongly in Lins diroclton at present, and the po&fihilUiE?-: 
fur sueces.'? an* almost unbelievably grunt. 

Probably tin* lii'^S impoctum development of the prist decade, 
and an approach tlnd is still in its infancy, is (he continually widen¬ 
ing use being made of well cuttings, cores, electrical logs, and all sorts 
of detailed stratigraphic data. It calls fora technique which, in part, 
wag forced upon the petroleum geologist when drilling methods 
changed from Llio use of cable Louis to the use of rotary equipment. 
At that lima the driller was unable to make a satisfactory log of ilie 
well lie was drilling mid Ilia geologist was called on to Ju it for him 
This he did through the um- of the mierwcope, and the resulting ad¬ 
ditions to our knowledge of the stratigraphy, sedimentation, geologic 
history, paleontology, and structure in much of the sediment ary urea 
of the United States is so vast as to make almost all previous data 
obsolete and insignificant, 

Nut only do detailed si nil igraphic and sedimentation studies fur¬ 
nish the background for modern subsurface, work, but they art? also 
the basis for any wiieutific search Fur pools of the stratigraphio type. 
The operator at tempting to find such a pool with a minimum of drill* 
ing is indeed sorely in need of geologic assistance. In a way it is 
tike the children's game of Hide the Hutton, the difference being 
that the operator now expects t.ho skilled seditnen tali uniat and micro- 
palcoDtulogist to tell him when lie is getting ‘‘hot’ or when he if 
getting “cold" 

In discussing this question of the trend of petroleum geology with 
one of the geologists of the Gulf coast region, I could not help but 
egrec with him when he stated that, in lua opinion, the trend could 
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be expressed in <1110 word nod that word was “downward*" He went 
on to explain that he did not moan that wo were going into u decline, 
but that the thought and the effort of the petroleum were 

more mid (non? being concentre led below the surface and in the realms 
of subsurface sediment a tiuu, sulisurfuce wt rat igripby, and ?uhsurfacr 
paleontology. This entire subsurface development stems directly 
from the place microscopic methods hare taken as a technique of pe¬ 
troleum geology, A person working with subsurface geology begun 
with the terms of the well drillers—^hard nick,” “soft rock,” “mud,* 
“slate." un«l the like. Gradually be was able to change those to terms 
with a mote geological sound—limestone, sandstone, ami shale, ami, 
os a further refinement, added such general textural mid qualifying 
terms as cty 3 i«llinr, douse, lithographic, porous, sandy. dolomitie, 
calcareous, and ntpllicwiis. Now, we find him lieginiiiiig to examine 
microscopically the individual miner id grains and to reduce their 
primary chnructeristic# to the simplest possible terms; wc find him 
concerned deeply with .slight changes in fades; and wo find lie is Ix- 
gilining to look into the possjbilitiaa of distinguishing the variations 
of single minerals as a guide to the sedimentary environments of dep¬ 
osition. Some think it is deplorable, but ii is nevertheless true in 
petroleum geology, Unit the mkrowxipe lias pretty well supplanted 
the plane table and stadia nod as the leading method of obtaining 
geologic data. 

Geophysical methods have become m well established in the oil- 
finding technique as to have long since parsed beyond the trend stage. 
Moreover, it is u»t the purpose of this discussion to go into other than 
the strictly geological aspects of petroleum exploration, leaving to 
others the telling of the brilliant contribution geophysics is making 
to the oil industry. 

The chief function of geophysics in petroleum exploration is to 
obtain structural data in advance of drilling* Geophysical data, in 
order to be effective, require geological interpretation and so far this 
has been successful only in the search for structural accumulations. 
Tho Lime will certainly come, however, when the geologist will be 
aide to interpret geophysical da I a in terms of Rxlmientntion and ctro- 
tigrsphy and then ilie entire field of stratigraphic typo oil pools will 
be opened to geophysical methods. Since geophysical data are all be¬ 
low the surface of the ground, when they are added to the steady 
stream of subsurface well data, they further tend to push our 
thinking deeper and deeper. Sven now' the commercially accurate 
mapping of geologic conditions 5,10, or even more thousands of feet 
underground is a daily routine in many areas. 

As the exploratory effort becomes deeper, it becomes more complex, 
and it also increases rapidly in cost. There is a tendency, therefore, 
in some quarters to go back to a reinterpretation <rf surface and sub- 
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surface information for the reason that many of the discoveries of 
Iho past, which luive ton attributed altogether to geophysical meth¬ 
ods, would or could hare been wade by ordinary geological tech¬ 
niques at a much lesser cost 

Obviously, there is much yet to In* learned from surface mapping. 
One important factor is the availability of aerial photographs in 
nearly all regions, which force into tiro discard the tn«theals and 
standards of accuracy that prevailed even a decade ago. Another 
factor, which ling been the cause of many failures of interpretation, 
is the almost universal presence of nneonformities. When a surface 
fold is projected through two or three unconformities, one or more 
of which is associated with diverging thicknres of sediments, the 
expression of the fold at die surface has but s faint resemblance to 
what is found at. 5 or 10 thousand feet below it. A third factor that 
applies to surface geology is that most of the eoriy work was solely 
concerned with a search for anticlines and other types of favor a Ida 
ileformaLton. Many regions arc therefore (wing reworked and the 
detailed stratigraphic information, which was neglected in the first 
surveys, Is now being added. In my own experience, I well know 
(hat the year 1 spent in mapping“ structures * in the San Juan Basin 
of New Mexico could be repented to better advantage by mapping the 
stratigraphy and its relation to possible oil accumulation, 

Tliis brings ns to another trend which is apparent, and that is a 
growing awareness of l he importance of geologic history in the search 
for new oil field - and now oil provinces. It is expressed in the deep 
interest of geologist* hi unconformities, overlaps, wedge belts of 
|x)m$ity, paleugvology, lateral and vertical gradation of porosity and 
permeability, facies changes, and in all of the varied phenomena of 
sedimentation. We may think of the recks between each regional 
unconformity as being in layers of geology—each layer having its 
own peculiarities of sedimentation, structure, stratigraphy, and value 
as a potential oil-producing unit. In some regions, notably west 
Texas and northern Louisiana, as many as four such layers are being 
explored and each found productive. Many other developed areas 
have shown two or three such separate mul distinct layers of geology, 
and we may, therefore, conclude that much of the unexplored terri¬ 
tory of the United Steles, undeveloped because it was thought to bo 
uninteresting and monotonously uniform from a shallow structural 
viewpoint, uow takes on value, because it likewise may be underlain 
by two or more additional layers of geology. Thus, the first clues 
to the possibilities of a new region may not appear until one starts 
exploring 5, 6, or 8 thousand fret below the surface, and thinking 
through one, two, or three regional unconformities. The almost 
infinite number <»f combinational of structure and stratigraphy that 
have in the past been found to produce oil, if projected into the 
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future And condd&red os possibilities of accumulation in each or any 
uf these uneaplored layers of geology f reveals a correspondingly large 
undiscovered future oil reserve and the enomioua geologic effort 
necessary to find it* 

Most pet ro ! eiin» geologi?t_* hegn n w. ridn gin ■ w ■ i (II tit im i s : i < ma— 
length And breadth at the surface. Liter, as more wells were drilled, 
□ third diinen^km* depth, was lidded. They now find tJuimadTO- 
thinking iu.il applying a fourth dimension to their work—geologic 
linn—and as with the other dimenRiun^ its aJdjtoo to their kit 
gives the horizon yet aim titer push outward- 

The only really new approach to the problem of oil dism^ry that 
has dfivrfnped in many years b the recent ii^e of eurtb-rftamiatij or 
geochemistry- a lu approach differ- fmm geological ami geophysical 
systems bemuse it is a direct method, dependent only on the presence 
of oil regardless of the kind of trap, whereas the older methods are 
all concerned solely with ihiv^iirch for favorable structure, in which 
it ie liu]>ei] oil may bo found. 

Mirny < I unis Live Ihvii made for gooclmtikul m-H)i««.l> uiul if iky 
were all rcelbEcd it would ho but a abort time until all of the oil fields 
in the world were found. However* then? nn* many geological objec¬ 
tions to it r philosophy * and for there have been very few <jr no oil 
fields found sls the sole rvmU of Us application. Until it proves 
itself to be successful, it will probably continue to be regarded with 
a considerable amount of restraint m an instrument of discovery. 
Wo should not forget* homw, that much hkhiy intelligent expert* 
mentation and research is going on cuntiiundlj in thift field, and tlmt 
wo may wdl -"(* the day when il f or some modification of the fiTt.-Hiil 
method, is i* generally accepted tool of oil Exploration* 

A development in petroleum geology, which I believe is significant, 
k of a different nature since it dm Is with the geologist rather than 
with hia thinking* It is (ho trend in the oil industry to place ;reco 
logically trained and experienced mtua in executive and nianagm*! 
posit ions. It is coming on me an ever-SLXudeFuiing paco and In nearly 

every month that pa • ■ a wo hour report- of promotions and changes 

m width geologists are advanced into potions of authority outside 
thrir n urinal field of activity. Pr:iH lias .-•■ well put it, the 
geologist now w jurtn rates tho industry,- and ho has come in u like a 
mctasomatic phenomenon m ore deposits in which Hie invading eoSut 
timi completely changes the interna] diameter without changing the 
outward appearance/ 1 

This trend h&s far-reaching consaquatu^. Although in Use early 
days the petroleum geologist was practically limited! in his application 
of geology to dkcovt rv by his ability to ruakr- the xioutocbnkol cxecu- 

*mtT, HmHmej 1h Ihw tw-'rvl' «Ja tndttrtrj, Hull. Aiswr. Ajsk. Isaral Owl., 
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live iktidmtand what hi? m trying todo f now life finds a mure Lukraut 
iinti nnderst finding aititilde in the executive department^ which leaves 
him more freetioai to conctiitmta on his geology without the necessity 
of promoting it or selling it to someone with no conception of its 
phibeophy or method. Nothing cools t he enthusiasm of u §d«ntist 
as quickly its an unsympathetic superior! and this handicap! which has 
prevailed in loo many instance*, is rapidly being lifted to tlie ultimate 
go*Klof both the industry and the schuim 

Not only b thu geologist going into executive positions within the 
itirger unite of the industry, but he is also going into Lb- oil biismtt^ 
for hiniHeif in continually increasing numbers- He may cdl him- 
velf a consulting geologist, but more often than not he is buying and 
selling oil and gas Leases, drilling wildcat Wftlls, and has oil or gas 
production of kb own The study of geology and its method of 
i hinting is good training for nnyone entering the oil in dust ly in 
a aim i I ii r manner to the study of law t which Lias long been considered 
e good background for entry into buiiiiuew in gem-raL 
DflOolyrr* has pointed out another significant diange in the work 
of the petroleum geologist in tint he is becoming more mi more a 
cooniinator of a variety uf geologic data* all of which ate obtained 
by experts and turned over to him for interpretation* This en¬ 
trusts strongly with the. older methods, whore the geologist went into 
the Geld himself to gei the data, ami returning to his office^ nmde his 
mterprctiiUoii. Then! one geologist did all of the geological work 
incident lo the drilling of a wildcat well; now there may be a doxeii 
or more specialists* each securing data of various kinds* which are 
puL together by the office geologist into a coherent mu! related whole. 
Thus today tba exploration problem is complex und the high costs 
prior to drilling u wildest wall m&y even approach the cost of tint 
well itself. If one is to succeed at this kind of "mterpretiw 
the nerd for tin? bust possible training is obvious* 

One of the healthy signs in petroleum geology! thervfmv, is the 
interest that is being shown in the college curricula of geology depart¬ 
ments, This was aptly put by u petroleum geologist she other day 
when he Mild* in discussing one uf his college profes wm®, fc4 l worship 
the very ground he walks on, but he is teaching 10 years behind the 
tini^ Something ought U> be done about itJ f 
WeBj srtunelhing k being done about it. After studying all of iho 
college catalogs of geology curricula and after pending out many 
questionnaire^ n committee of interested geologist# appointed by 
Henry Tey, President of the American Association of Petroleum 
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Q^gi^ Ui*vl made ji preliminary report* 1 In it they cnndfldcd, 
in paif t thut more a tun lion in college t ruining should be given to 
Eoglkh caniimitioti, mathematics, diendstry, physics, tfe&criptivt 
geometry, login or the ability *<< return aw untidy, foreign language* 
s&dimrotation, geophysics, and field work. Biology might wall lm 
added to such a list nko, Apparently Urn Lambing of the atrietty 
geological subjects meets their approval but lliej feel there Trhould 
be more training its iho fundamentals of science in what isnght be 
callml “background 111 studied They ul^j favored more problem worses 
and few r memory *tndiet In Liu? proper;! I ion. for a career us n petm- 
lentil geutogifci. In order to do oil this uml Mill Irn.v<- time to do the 
essential work in geology, they believe do- htandimi course of Hiudy 
should bo for a term of fr ycor> ? instead of 4. as at pn^r-uL 

I nit her think this interest in college emxmiila in t rareable to the 
general broadening of liio viewpoint of the petroleum geologic As 
lw lakes li more active ujuij responsible part in Lbu oil industry; us 
hit goes into tin? oil huidn^ for hmWIf; and n- llis strictly gu logical 
duties require greater imugiiuiiinn,, more -mind reasoning, and ti 
broader basic understanding of the intcrrrlutiori of tile vnriims « tenor*, 
so hi- comey to realize his own shortcomings mull the need fi.i* bHhr 
preparatory training for those nov in the colleger In effect, this 
moans that tho specklind Jteld of petroleum geology is coming of 
ago and is rocmngiicing to think idiont bsiildiug its own standards 
of training and EuduoYcmuiiL 

Thus we -oe that geology and geologists are exen ining n e-«nbimiLly 

cJtpnndiiig iitUuem:*? on the whole busmen nf boding and producing 
oil ami gas, There i* no *ign of u do wing down of this trend of 
usefulnft£s T but, on t hu run it ary* it i.- moderating steadily, year by 
year. Tim petroleum goaf tight is becoming an “oil man 11 in every 
ssii5e of the wort], which, a fl.er ill is the L* -t pnwjf ilmt hi* is keeping 
pare with the other applied sj-ienur^ in lie- for wal'd-moving front of 
scientific pragma, 

' {tadHlLfcti ill! mic>zr l^rrrltUlfl, F 11 CUiili-hia n Hull M\u\r. 
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HISTORICAL BACKGROUND 

Meteorites are those portions of meteors which survive a pJiS3*g® 
through apace :un1 through our atmosphere and actually reach the hut- 
fam of ill*- earth, I >f tlm cwmltoa mtltiber of meteora that enter the 
atmosphere only u 'Try fw of any biz*'* make« 8Uiflw>ftil 1 finding H I KI11 
our ch rlti. I n this short review if wi II be shown that I ho air we hrwi he 
w'rves also as a shelter from metcoritic bombing. 

Historically speaking, only comparatively recently has the mind 
of wum accepted the fact that piece- of stone or metal canid fall from 
the sky. This is h 11 the more interesting when we oIhhto how fre¬ 
quently references t.» the full of a meteorite appear in old legend and 
record u. III gniffnl (lie early i!t«‘ri|)lifnw are alaiut jo accurate tl> I he 
ones reported to us today. An all- inclusive rev iew of these old tOrorde 
will not lie attempted, hut a few will he cited It. show not only their 
antiquity, but aim the importance people have attached to those coles- 
(lnl objects. Maxi bus been emotionally stimulated by seeing them 
fall and by icSretwg on their origin, as well as being physically sorml 
by milking practical use of them. 

Many a meteorite baa boon reverently treasured by primitive peoples 
We read of them being buried as sacred objects, wtuwbipcd as idol*, 
even hammered into weapons and useful tools. Early explorers re¬ 
ported the use of objects made of iron by people who hod nn commerce 
with the outside warld, »s well as by (ample who were unfamiliar with 
method* of reducing iron from any of its ores. Many of these objects 
have l*eeti studied mid found lobe made of meteoritic iron. 

Mythology has numerous old heroes who claimed to bat* had swords 
tbit had fallen from heaven. A dagger found at the site of Troy 
fllissarlik) was reported by Dr. g ehl i g nt a nn to be a fragment of a 
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metro rite- The destruction of Sodmn and Gomorrah may have lwen 
due to the irnpnce of a failing meteorite; other explanations haw been 
offend,but the meteoritic impact thccuy is ns logical aa any mggabd. 
In Joshua X: 11 we read of great stones that fell from heaven on the 
Amorites in the battle at GLbeun. Again, in tlifl 181 h Psalm, -wo read: 
“Tin* Lord also thundered in the luiflvams, and Uu> Highest gave his 
voice; hail-stones and cemis of fire.” 

In Acta XIX: 24, ihere art accounts of w a certain man tunned 
Demetrius, a silversmith, which made silver shrines for Diana, brought 
no small gain unto the crafteraen.” Farther along in the same chapter, 
85th verse, “Ye men of Bephesus, what man is there that Imoweth not 
how that the city of the Esphem&ns is a worshipper of the great god¬ 
dess Diana, ami of the image which fell down from Jupiter! n 

When tile Catii* Grand cs meteorite wits found in Mexico, it was 
wrapped in mummy doth, indicating probably that this people treated 
this object with the earns respect that would be paid to one of their 
rulers. Prof. F. W. Putnam described some meteorites from south¬ 
western Ohio that were found buried in an nit nr in association with the 
most precious objects of (he mound builders. 

At the time of Cortez’ * 1 conquest of Mexico, it was noted that only 
tile must distinguidled Aztecs had daggers and knives made of iron, 
a mwiftl more highly prized than gold. Tin? invading Spaniards re¬ 
ported no Hit firing furnaces for Git? reduction of iron, and when 
inquiry was made of a native os to the source of this iron, he would 
invariably point to the sky. Cortez mid his followers certainly never 
guessed that the iron used by tho Aztecs was of moteoritic origin. 

The Descuhridoni meteorite from San Luis Futosi, Mexico, an 
iron jfiii-s at over 1.000 pounds, contained a copper dried ejulwdded 
in me of the fracture--, indirating that Neolithic man was attempting 
to obtain ami lire thin iron. 

The famous “black sttfne 7 ’ forming part of the wall of the Kaaha at. 
Mecca, ancient religious center of the A rata, is doubtless n meteorite. 
Only such nn object, appearing miraculously from the sky, could 
have made such a profound inipttsarien os to become sacred. 

Important events in die lives of the people are recorded nn their 
corns. Many of the early Greek and Homan coins bear representa¬ 
tions of meteorites. It has been reported that the metal from meteor¬ 
ites has even liron used as a medium of exchange. 

In IH12. when Napoleon wu» engaged in the battle of Borodino 
against the Russians, n stony meteorite was seen to fall not far from 
th» Russian general. Napoleon won tins battle, but lost th.* vam- 
paign against Russia. By a very narrow margin thin im-ucHu* 
missed being a celebrated historic specimen, for had the Russian 

■tbhMUt. n_ M. Uy.fUT, wtwi thuT Wifh Hm. ASH*. minnw*fa>, *01 

1 S®0, 
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Amies rallied in tlib bsiUte and deflated Napolwn, the mstearito 
would doubtless hare been taken as a diiina symltui that inspired 

them to 'rietoty, t 

Not only have meteorites stimulated man’* imagirmtiou m uie 
HJore or less remote post., but their scientific study has led to useful 
discoverie% According to the following quotation from a paper pre¬ 
sented at the Second Empire Mining and Metallurgical Congress, 
Toronto, CttWMlti, in 1027, hjf Robert C- Stanley, president of the 
International JJickcl Company of Canada, the first im of iron ami 
nickel alloys was suggested bv a study of tlic Sndthsoftiaa co)lection 
of meteorites by Sumurl J. Ritchie and John Gurngtc: 

Wbll* CoMel l rh Tt mH—*1 »»* wnstU!!;* With Ite froUteta nf }(.<* sepnrjilloa 
nf Oh* nlrhi'l nul cepjujf,, which uni *!itiseiiui;iiU)t nih'Wt by tJit Qrfonl, uuil 
later by the Menu) prows#, air, lUickto liml to fare ilie prttitroi (if crroUn* a 
market for hi* nk'lwl. Tim (tnrtil'i nnnani efinttnn®ilnn ut iiIl'Jee!. In 1S?5J. was 
four Lbonmni] tem* whereas Uiu rich urn, uf lil- QuuuUaii mlw* weru n?mly 
:n turn utit IwIch Ilia! nmmiuL Hue prlc. which haul ta-eu J1 a rOiltMt or raw 
when the Conation Oepoalta wen; tlmt openwl tip rails a few pare befnn. hail 
ahnmk to fifte by Ififfl. Tht< market was bnnvlly oTwr-ftnckml. Cmanfrsllvrr, 
electroplating gad n^imir mrtv pmcUcatly Hs*> ua!y uw« fur Os* ewt“l Tim 
ratnra of the CaiiELilliui Ifidumnr dcpenJod upon the exurahm of the market by 
finding upw for alctel. 

At LhU Juucliiiv Ur, RS t elite an e3j»rltnce *aw$ t In 

lVuMlstnicEnn, He tmd wt tbrw John «^-v, rd Vt^.slnnim, whu Irnrt lul> r- 
fvtisd lha Garenmurjil Lit flu tmJUUcjf of a ttfrlfemicd twpltlii ahip for treat* 

mupil -I f yvllfl^ ii viT patients iti tbc Uulf port*. CSamasie Luv^i SgoUii maiumO* 
cefrltfemtfugc DuicblnCM liot fooa found ilutt ew iron would noi tin Ed pjiu- 
preyed uramnia Ho ttlv*\ all binds uf alley* Thrv i ,'«=ag ihir 

through the S»Uhs«rnLait luilli'Uhm wilh Ur- Hiwhlr. hv «u-w nickel 

\r*m meteorite* anil to tijr nwli on oJjny. Mr. Wharton fnruMuHi wmu 

wilti wliSdb produced a t«T BU|wrJar iilekcM-run ullrry which 

hrSij thu gas. Onnut^'* ^hlp irae nrrer tmllt Lain In- hmS dniu-Jhitruled El^- 
^■UhtElML^i n t nickel-tru a alltijn. 

NOMDEIt AND T}lSTRlBXTtlOS OF METEORITES 

The total number of known Mb or meteorites for list? untin? world 
ja about IjlOO, whicti number induJf^ only ejtedmend now preserved 
in various collections* Not nJl of tSiese huvo been atudied, and as 
®om& of the discoveries lm comparutively clft«e to em h oilier* many 
of tbem may when studied bo found to be individuals of tlm ^anre 
full The United States alone has contributed mors tlmn Wb |JcreTOt 
of the Icnown falls or discoveries, This indicates a kern interest in 
the sobjuct in ihifl country, because the land urea of the United Stale* 
is a much smaller p^nsantage of that of the entire world. 

Tile distributing of meteorite lueutUloK is far from uniform ovur 
<mr 48 States. The fact that sc* many meteorites have been found in 
some States and so few in others may bo due to several causes* Thorn 
are ftreaa where it is difficult to find a meteorite on the ground beam** 
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of the thick vegetal inn or the numerous rocks strewn over the surface. 
In other areas conditions arc ideal for easy recognition nf a meteorite 
mi i lie ground. One reason why eo many falls have been reported 
from certain district* is that the inhabitants have been encouraged 
to search for meteorite? by being advised dint these objects are eerily 
salable. Once the readouts of a district know what a met write look* 
Like, and realize dmt there is a chance of monetary reward, it is likely 
dmL now finds will be made. 

Hi are have been so many meteorites reported from certain districts 
that it has heroine necessary to exercise caution before, utitmunriug 
a discovery as a new one. It m increasingly important that the exact 
localitv of the place of discovery Ik- recorded; the old practice of 
at filing general localities ,-uch as counties no lunger suffices to *-tul>- 
liflh new falls. 

1 1 is not only ucmtSsary to have n portion of any newly discovered 
specimen examined in the laboratory, bill it is also important lo have 
it examined where complete records of all fuJl^ uro available, ami 
preferably where there le a large eoUoction of rueteoritk mitkriul 
mailable for comparative -hilly. Sections diOuld In- cut fre.ro the 
maos in In? compared w iih Uie other metforilw previously reported 
from ihat area. Many meteorites are so similar in si met urc and 
composition that oven after the*? pro-nut inns urs taken, it is difficult 
to state definitely whether u particuJnr specimen is u new discovery or 
is merely a part of a fatl previously recorded from that urea. 

The United States Nnlitnml M'lfeiim Inis speeimeiH of over 75 
pt-rmil of nil the reported meleoritcH from this country und nearly 
55 percent of rhe total reported for the entire world. Thun excellent 
reference material i« available for the investigation of a newly dis¬ 
covered fall. Individually all the specimens are noL uf equal impor¬ 
tance, hut collectively they are most, import iiul for the study uf varia¬ 
tions in the structure and composition of the different groups. Some 
of tho spi cinu ih weigh more limn a ton, others hut a few grama. It is 
necessary. However, to have sizable sample* in studying objects as 
complex and varied as meteorites. 

FUaltT OF A iiRvamtat 

At the time a meteor enters the outer atmosphere perhaps 40 initim 
or more above the earth, its speed is known to I* very great. Tho 
slowing down of I he rapidly moving object reuses the mechanical 
energy to lie converted into heat with the result that tho air com¬ 
pressed In front of it becomes very hot. As the density of the air 
increases, the velocity of the meteor is more retarded, and at tho 
same tuna the amount of heat thus generated rapidly increases. 
When the falling body is within H to 9 miles of the earth’s surface, its 
velocity usually is so reduced that the generation of heat practically 
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a ml il llit ref ore is no longer luminous. During the full I sent 
diffuses slowly into the mass. so Hint the outside rapidly im repa^ in 
tetri peruture. Soon the surface Js softened ami rumored by the 
scouring action of the air. This ty|* of erosion progress* with the 
penetration of bent. A* the falling mafia in constantly entering a 
denser atmosphere, the frid innal resist a nee iiMirnPcsi toron'UBSBilyi 
the stripping away of the outside goes (in at an accelerated rate. 
The si xe of the falling body \s reduced rapidly. 

It Itns been demonstrated iliat the symmetrical etch pattern of a 
rrn# ?*i*lirui of an iron meteorite L- easily and rather completely dis¬ 
rupted by heating to a bright ltd heat. So if heat bus penetrated 
deeply into these in ms their interiors would it** found without I bis 
foi'uuil structure. Esaminatioiis *d i-urt's of rhws lions <»f irons 
have heen made, ond no evidence to show that the interior was 

heated during the flight. The heated with; rioted ed by study of s«- 
lifiti-s: seldom more than 1 or ii cm. thick. 

Thu surfaces of many stony meteorites show well-defined markings 
thot indicate the orientation of the body ibrougli u portion of its 
flight. Since only a few iron meteorites Imvo bean men to fall, most 
of those now known ure old one-, on which ihr flight markings have 
Iwcn re 11 loved by alteration- I he finding of wticii a perfectly pre¬ 
served set of flight markings as the Freda, S. Dak., iron is nouauth 

The outer surface of this specimen teds tin" story of its struggle 
through our atmosphere. The Freda iron is small, weighing only 268 
grouw, but its shape and internal structure make it of gtem interest, 
and its flight markings so - beaut(fully preserved. 'J he noec oF tins 
specimen is turned over just' is though it had boon hammered. I here 
is no reason to suppose that this resulted from its impact with tlw 
ground since it was found in soft sod; hence it appears that Ihis rolled 
edge is du* to the resistance offered by our atmosphere. 1 he I timed- 
over nose must have developed during the last portion of the iron’s 
flight, because had ii developed very high abo'ra the earth, it would 
have been stripped off before the meteorite hi tided. This mass must 
have attained a very high velocity U> produce air pressure capable 
of turning or buttering llic mt-iiil in such a fashion. A doterni- 
n nth in of the composition of tltis tafikorflc si i owed that it contained 
231.411 percent nickel and 75.86 percent iron. Materia! of such a compo¬ 
sition would not change from the solid to the liquid phase until it 
reached a temperature of about 1470* C. ft would not lie necesnty, 
however, to attain that temperature to soften tho metal to a point 
where it could rat her easily be washed off by the air stream. The tem¬ 
perature rt'qutred to accomplish this would probably be several hun¬ 
dred degrees lower than the molting point. 

In addition to the more delicate linos on the surface of meteorites, 
n number of depressions are usually present; some are shallow and 
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wide* others narrow and deep* and example® are known in which a 
bole ploim iho entire mass. li is sometimes possible to del ermine 
llie direction of die air flow by nibbing one'a hand over the surface of 
the nwteonta The surface feels smoothest when the motion of the 
hand is in tin* same direction as the air Ihw^ a decided diffemnee be- 
ing aoittetuRi^. felt on nibbing the surface in the opposite direction* 

When the Reed City iron wait laKrtiuiied in 0 uf IfliipratoFie*. a number 
of slices exhibited areas on tbs edge where heat had locally disrupted 
toe internal structural pattern A thin film of black solidified liquid 
oxide lies between the granular area and tbs normal ociahedrite 
i-tri!i‘turo r This oxide film (jib 4} must mean clint there was a small 
invasion of imlled oxide ami iron,, llie latter developing a granular 
Structure in iwding. If the moss had remained in n fixed podium 
t. little longer. perhaps ihb granular portion would have swept 
Otfl* deepening the deptossiun and also making possible the forma¬ 
tion of whirl jraoig of air which would further abrade the meteorite, 
forming die pits common on m many iron*. On fortunately these 
structural features were not observed uniil toe individual i-pecitBen 
had been cut into Reetluius so it ift impossible to relate this structure 
to any flight marLmgh that may have W_\n oti the surface of the 
wpecituen. 

The air dt*3 an effective piece of work in rubbing out these celestial 
bomba. Tlii^r size when they first enter our armu^phens is not known 
with any accuracy, hut there b reason to believe they an? sometimea 
very lurgi> h Records of different falls show that very few large ones 
get through to the earth, and w® should indeed be thankful that the 
air is such an effective screen against meteor!tic bomb*. The total 
might of in uteri aJ in any shower may hr large but it is unusual to 
find individual spedm ms weighing as much as fiOtf pounds. Good 
observation?. nn thn Chi cor a. P«, f fall indicate that a large maisa did 
survive the passage through the atmosphere until it reached a level 
of about 12 miles above the earth. At thi^ point something happened 
—probably the mn® was crushed by the presaji^ of the residing itir. 
Calculations based upon direct ohservatkma indicate that ft I the 
12-mile level the mafia must have weighed in the neighborhood of 
fiOO tons, Only SOL* grams of thix meteorite are known to have reached 
thp earth, winch h indeed n very email fraction of what existed 12 
miles up. 

In n few widely scattered .localities on this earth, Inj-gje holes bear 
wit lies* to this crash of super *mtteoritei All but one of these occurred 
before ilia dawn of recorded history; conscrpiently we know nothing 
rega rd mg th e fraju «mj of ftjch even to. One of these g QpON tmytoo rites 
that did fall in our Umfr—the Tongue bs meteor (to which crashed 
down on Siberia on Juno 8U* IfrMk-reallv inive our world a good nap. 
European seismographs recorded a strong ground wave^ and baro 
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ETunhic instruments in England re*>rd«l jMU» waves. An engi¬ 
neer on the Trent- Siberian railway had te *.op bis tram (no night 
of the fall to prevent its being deruilsd by earth waves—and tins was 
more than 4M miles from the pirn* where the meteorite hit. J uriu- 
li at civ the region of I he fall was very s partly mbnl.iLiiU, and tor 
that reason it «as along time before tire world know what happened 
that night. When flic scene was reached by outsiders, it »ns found 
that all the trees within a raditm of €0 mil® of the center of impart 
-drere blown flat. They were not strewn over the ground in a conflict 
manner, but were arranged radially from the center of impact. For 
mudi of the distance that tint trees won' blown -ver, llm wood was 
charred by the heat waves It is doubtful whether any man or animal 
could have survived within many miles of thu spot where tin* hihvj; 
hit. It wuuld be difficult to pick a spot on dm globe where such an 
event would involve La* danger to man. However, it. would hove 
i—i ft different story bad this meteorite arrived on earth 4 hours and 
47 minutes later, beewue it would then have made a perfect hit on a 
largo city—Leningrad 

Canyon Diablo muter in Arizona is the largest of these mctcontiv 
holes, and from the tirea surrounding its rim several tons of iron 
meteorites have been collected. None of the individual specimen* tlm* 
fnr lorntdl ia vary large, the mart m um weighs, being about l,"hO 
pounds but some of the** large spadmens have been found several 
miles from tbs crater rim. No meleorttic material has as yet been 
found u ft mud this Siberian fall, but collecting in I bait area i* incest dif- 
fleulh The quantity of mBteoritic material buried at citiier place is 
proldeni a rival, and also the size and weight of the mas that struck ihu 
earth. It is certain, however, that a most violent explosion resulted 
when such a vasL quantity of energy was abruptly checked and turned 
into heat and wave energy. 

ttt’Eb of ikon snerEwatrEs 

A few years ago the National Museum received several irons from 
northern portions of Chile where town* and ntmtod geographic land¬ 
marks are not abundant. The reported localities were given in miles 
from railroad stations or mining camps. When these irons were sec¬ 
tioned all were found to have similar structures belonging to the 
henhedrite group. It whs then hoped that chemical investigations 
would establish certain differences, but as the work progressed and the 
results were tubulated, it was found that flisy wore nil practically iden¬ 
tical. The distribution of these nine Chilean meteorites is conEnc-d 
p> ti narrow atrip extending B*5# of latitude north and south and 
l a 56' of longitude east ami west. It is hardly lugirel to consider all 
of them as being « mrt of the tanu? fall, ntul yet it is equally difficult 
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to believti that nine different meteoriIts of identical tyjas would strike 
the <jirili within such a limiu-d urea. 

Il i.= ivi’ll known i liiii there is a definite relutinnship between the 
structure and the com pcs i t i nn o t i ron n ie teo ri tee- 3 luce t he a na lyticol 
work no irons is not as simple as many chemists once believed, few of 
the old analyses can be used in interpreting Ulus relation chip. Hence 
it is very likely Unit the variation in nickel now report«J in the. litera¬ 
ture may in large part lie due to faulty methods or to improper sam- 
pling. 

iScurch of the literature revealed a number of firm] yees which agree 
perfectly with the results nn the Chilean material. The lidding of 
so many identivu I analyses from all parts of tlie world suggests either 
that. (1) all meteorites i>f similar roiuposilion mid ttrudiirc luive a 
common origin and thi-ir distribution over tho earth b due to their 
having fallen at different times, nr (2) meteorites should bo considered 
an forming frmn midi.s of iron and nickel, etc,, and the ranking rilnu'- 
tura of the alloy will dejiend upon the ruiiijHidtjon of the original melt 
os well ns on the Mpcod with which it cooled. Evidence definitely indi¬ 
cates Unit die second suppiKsiltuii is the more logical One and that the 
differences in meteorites are doe nut only to differences in the com¬ 
position of the origins] imdt, hut also 1o lentjHjralurvs and rales of 
Cording. 

In other words, whenever the projection of nickel mid cobalt in 
metallic meteorites is hi*?. i.hun about 0 percent, only structures of one 
class—Jieiahcrlrties—will form. When the nickel mid cobalt content 
in the original melt is higher than « percent, a second rdloy will begin 
(o appear. When die large ureas of simple structure are broken up by 
iuehiri oik of this second alloy arranged in a definite pattern, we have 
a structure known ns on wLialietlrite-. Tim rate of cooling determine 
the ea** with which the different eoiiijaifieiits migrate ami berem® in 
size. When the pemmtegu of nickel and cobalt is only slightly higher 
ihim (J percent, only u little of the second alloy, known as tftenite, will 
form, so Unit there arc rather wide bunds of one alloy (kaumcite) 
seporate.1 by specks or thin films of teenite, This cambiiuition tiro 
cilices what we call eoar.* octahedrites. As the nfekd content, in- 
trenses, finer and more dehrate structures appear. If. fo n ut cuev to say 
whether composition or rate of cooling is the mure important factor in 
tha production of u certain structure. 

T] ie three das^s of iron meteorites are imsafeodritefl, octahevlritos, 

1 , ut antes, each having distinctive general features that are most 

noJjceabb after » polkhed surfing h etched. Certain diemkul dif- 
fererun's also esu-t, hut there is no sharp boundary between the dif- 
tenant groups und they inteigryilft with miq tuKilficr. 


.METEORITES—HENDERSON AND PERRY 2'V& 

&«xaAedrtt€t.~£i\ ni yses of different meteorites of tlte liexabsdrite 
type show there is little variation between any two of them (table !). 
lienee the chemical evidence indie files that a rather definite alloy 
is funned which produces rather simple etch patterns consisting of 
one or more sots of |iarallt'I lines. The name kainadte is given to 
this composition and pattern, and the delicate structural linos are 
called Neumann lines. A meteorite containing only tins relationship 
of iron and nickel is called a hexahedrite. 

The compositions of besahedrites are not altsolutely definite. The 
variations from the average can be seen by comparing the individual 
index ratios, obtained by dividing the molecular ratio for iron by the 
sum of the molecular ratios of nickel and cobalt. The average index 
ratio of analyses given in columns 1 to 15 of table I is 10.7, and 
iho average ratio for 0 north Chilean b embed rites given in column 
17 is 10.9. Dearing in mind that nil these meteorites probably did 
not form under identical conditions, no see (hat the amount of 
variation is relatively small. 
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QcUthfrfriU '*-—More abundant in nature lb uti hexuliedrilet. and 
ivitli a wide range of structural and chemical composition ore the 
iron meteorites known us octahedrites. If etched section,- of this 
group are carefully observed tlirre will be noticed areas which have 
i tching lines similar to those displayed in the hcxahidrire group. 
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U will be farther noted that Iht-e arenf form rather long bill, narrow 
bands nnd are aepitraled from each other by delicate lines of an 
allny with o lotaljy different appeamnee. Kamncite U the mum* 
given to the met*] in £hcp^ wide JjatJianius mid rlie mot ill in 
the delicate lines bordering tlic bimncite is tuemu.'. The cbi-iriicaJ 
analysis (table shows that this group of meteorites :1a tv.- lias n 
higher percfUitngs of nickel than hesahedrites. At this [mint the 
explanation of gtniaures begins to become apparent. The single 
alloy, kamacite, of which heiahedritca are made up, is cotu|naed of 
iron Unit is about jsotnrnlcd with re3[>cct to cobalt and nickel. Any 
rxci'ts? of ili- .-c metals over that needed to make Eiamncjtc combines 
witli iron to make a second alloy, tacnitc, and the di-^rihutiou 
arrangement of these two alloys forms mi octahedral pattern. 
Taenitn is slightly different in its acid-resL hl ig■ ^ ■ ties, and on 

thfi etched face of u meteorite it standi out in relief Ute 

kanifliitc. 

When a series of (lehcd faces of octuhedritea k spread before the 

observer, a difference in width it noted between tbtse ...'ire bands 

in different specimens. Sotno are wry narrow and sumnm'ltcl with 
11 cootinitmus thin, but well-developed, line of tapjiite; others have a 
Very wide, mwreiiims irregular-shaped, area of bumucite with indy a 
mere suggestion of tacnitc around it- In fact them? wtabedriu* and 
Itciubcdrite groups ranch a point whore there is little difference lie- 
twoeu ibcm. 

Tlic relationship between iininpusitiDfi and structure is rather sitn* 
pie ki tins jni tit, but ms structure* of more and more octahcdrites nru 
examined it is noticeable that increasing narrowness or tiin-ue^ of 
the lunudtc bands does not always guarantee prugreaSvnly highrr 
nickel content, it is true that, medium or narrow widths of the 
kiimacito bands will always imply dr finitely higher nickel content 
tlian is found in the very coar» octiltedrite structures, bnt occa¬ 
sion a% it is impossible to predict definitely which of two rut her 
similar oetahedHt** structures will have the higher peKtenlage of 
tiicbeL Consequently there is good reason to behave that another 
factor should be considered besides tho rate nr. which a mult ewifo 
(iown, nnd that is tho length of time, it was held B | a fixed leraprea- 
ture, because this tnuy have sumething to do iviih the fineness or 
coarseness uf octahedrit* a trend u res. In the laWatory it is difficult 
to return for a long time a prepared nfcfal-tmn mix at a temperature 
where the metal is a solid but still at n temperature sufficiently high 
for the malrenliffi of lhe*e two alloys, knmacite and infinite, to mignito 
find segregate from each other. 

Quick freezing can create a structure of thin area* of karaadt* 
asperated by taeuta. When the meu^irite fredaes before the taenite 
cun collect together—or, lo express it differently, tnafon? the kimmcUc 
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can expel tho t&cnite—thin Ititb arms of bamnrnte should lie produced. 
Such a pattern \s known as a line octahedriU* The rate of cooling k 
important and may bn responsible for many structure in iron 
meteorite ^ 
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Although it is impossible to define exactly Lhe boundary between 
hexahedrites uod wl abnlrite^ it ia obvitin* flint line two tables indicate 
the apjiivttitTiiiu* |-'-Hitiun nf ilii- lK>muhry. Tins accuracy with which 
nickel and especially cobalt can lie determined k limited by certain 
<oitft'v3 of error; hence it is increasingly diflicuh to fix hQiindariri for 
the chemical compedtion of either of these groups. The behavior of 
cobalt and nickel k practically identical in these alloys, and in discuss¬ 
ing rhe compositions of those groups, tlisrefort\ tint cobalt and nickel 
togotlier are ccmfflderod aa a unit 

There are octal ivdritas that liav® large areas of kamadlv ^ pans led 
from adjoining area,* of the same alloy by only a fine Im Careful 
search along these tummbrtcs usually w ill detect some taenita; hut ns 
the compositions approach the limits of solubility for cobalt uml nickel 
in iron at the different temperatures, a time conies when there, will be 
formed only a trace of t Renit e, which can be very easily overlooked. 
Thin, discontinuous pktea of taeuile were found iii the El Burro 
specimen, and non* at all in the Mount Joy and Sandra M mint nitre 
specimen. Hence the composition of these three meteorites b near 
rhe birder line betwtrent the ur tithed rite anil heiahedrite groups. 

A simplified equilibrium diagram of the iron-nickel system given 
by EL A* Owen and A. H. Sully 1 traces the composition and tem¬ 
perature range for the boundary of kninadte {herahedrite} and kama- 
cito-tactijte loctaJiedritej atnieturaa, It shows iflg. l) that at 400* C, 
kamadte contains its maximum nickel content, or slightly over 0 
pencil!.; at 800* C, the solubility had decreased to $ {fervent. nickel. 


* Fbll. Miff. floO J«m. Rd., fd ffT h b- *K IWfc 
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bt ligurv t, the location of the line AB. separating the a phnm , 
knmiicitv, tiui tJi« #tj phase. ktiusdle and t&onitis, ntlwr clearly 
defines the chemical compositions for tbs two groups given in tables 
1 And 2. Since the conditions of lusting sin] rate of cooling of me- 
toorites are not understood, they cauuut be need to modify the nickel - 
iron diagram prepared t tinier a controlled environment. Flowever, 
their composition* and structures should be consistent with the com¬ 
positions of their respective fields on th® phase diagram. 
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AtaxUe*.— Ataxhc* lack the precis© structural patterns of either 
hexahedrite* or octahedrites. Perhaps some day this group, which 
varies widely in its nickel content, will he simplified: however, at the 
present lime into this class fall ail the irons that cannot readily I* 
classified as belonging to either of the other classes. It is significant 
that the cobalt-nickd content for some atasites closely parallels that 
of hex abed rites. In certain other a taxi t os there is a vestige of octa- 
hedrite pattern and also a chemical com posh ion that lies within the 
range for uclahedrhw. In addition to the above there are several 
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nickel-rich utaxites in which the nickel content is much higher thin 
Chit of any octabedrito (see fables 2 and &) m 
The saiue general compounds of iron* nickel, etc.* that occur in the 
other groups are present in atiixites. The Infinite is more abundant 
in aiaxiies r ami there is reason tu believe Llnu (lie nickel content of 
the taenitc i* higher than in Unit found hi oc tailed rites. Following 
the line AC m\ figure I from higher Lcmperitiuns to lower. wa note 
that its tlie meU coots the position of die line is shifted toward an 
increasing nickel content. Investigation may ehow that taenite in 
the some meteorite varies in composition. 

Studies of atari tes have not as yet progressed to the point whore 
all ihe. structures •can he accounted for* The logical approach to an 
understanding of at ax i tea is through more complete investigation of 
the features n# both hexakedrites and octalicdriu^ 

Only those ftUxitea rich in nickel were included in table 3. Nickel- 
l>oor varieties, with a composition riudiur to that of liexnhedritea or 
coarse Gctahedrifcs* exist, but the majority of published analyses of 
ataxites indicate that their cobalt and nickel come nr falls within the 
higher limits of composition of the finest octahedriteu and extends even 
beyond this range. 


Tuna 3. —C'owEhfjWfkifl of hiph-nirktl nuwi fat 
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Because most of die analyses on nickel-rich ttt&xgtas are very old 
and the cobalt mut nickel contents may not be very accurately deter¬ 
mined f a more complete table of tins ek s& was not attempted* Three 
of the eight meteorites listed in thia group* namely, Nordhcitn* Tawal¬ 
lah. and Freda, have n slightly developed octahedral structure. In 
both the Tmltik and Freda de^eripf sons* mention is made of a title- 
grained aricular ground mass through which occur inclusions of 
1m mu rite. In each case kaumrit* m surrounded by arena which are 
largely uismite and which appear bright in the published photomicro¬ 
graphs because tMttffe is resistant to the etching reagentd used* This 
arrangement is explained hy assuming that the kamacite separated 



























248 AKNTMIf REPORT SlflTHBONXAN IJTBTirmCtN', LS42 


out ffoili the ground mess surrounding the area, having the tarnire 
segregated; hence, localised areas of kamarite and taenite occur, 

BTOJTT IlfcTEOlllTES 

Tlie metallic induahmi in stony nudeorites will bo only briefly dis- 
c!if*«d. The principal point to l* brought out is the similarity in 
range of chemical composition of the iron in stony meteorites ouut in 
iron meteorites, 'file composition of the metal in stony meteorites of 
the diondritic group seems to dmugw 03 the proportion of the racial 
to the silicates varies, When there b on abundance of mete!, its 
cobalt-nickel con Lent is usually relatively small; likewise when only a 
few metallic inclusion* occur they are usually very rich in cobalt and 
nickel. 
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Several authors have called attention to this fact and other tables 
have boon published. 1 An independent check was made of this point 
bv selecting at random u limited number of vv*J 1-sttidied chondritic 
iiietcorites and arranging them in u series starting with the specimen 
Inning the highest index ratio to determine whether some correlation 


•Viter, o. t, Ulta Ua*„ wL IB, p. ;S 1414. 
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would be found. It so happened thnl the highest index ratio in the 
group selected corresponded to the index value of the ocruhetfrite 

gr*>np. 

The tnaimer in which the iron occurs in these stony meteorites 
must Ik- carried in tnind by the reader in order to appreciate the prob¬ 
lem presented. The iron is generally localized into small, irregular- 



Fkjuxe 2 —A ErujaiLk reprvstfn I n t Ion uf the oKDpnflltlou a tut pttKflaiatf) of idpiuI 
In iht ulon^- metetirkEi’g ilnUni la tablis 4. 


shaped indiudona. U is usually located between the silicate mineral* 
and nut included within them. Huw the iron formed and the m* 
cppncft of its formation with relationship to the other minerals fire 
important problems awaiting solution. 

The crtibalL-nlckd to iron ratio shows that in solid iron meteorites 
a rather continuous series existe* This index ratio ranges from lli 
in the ease of hcacahod rites down to &+ in the a textles* and that* is 
little question but that the ataxitc ratios could be extended even 
iowaiy 

The last column in table 4 gives the percentage of metal present in 
the specimens* and an examination of Qua last two columns indicates 
that some sort of correlation does exist Jim why there should Ih? mny 
relationship between the com position of the iron and its abundance 
in a meteorite of this type is very difficult to explain. 

The true relationship between the last two columns in table 4 if 5 
best fern when these values; are plotted. In figure a the vertical 
component corresijonda to the index ratio and the horizontal coni- 
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poiicat to the percentage of iron in the meteorite. The points nn the 
graph reprewut the apticiflit meteorites listed in table 4. There is a 
grouping of [joints in the lower left-hand portion of the graph. 
Points Ch,* So, find En arc rather well grouped, as are also points 
Ij*ip Tfe, Lu, end I'q; tile other seven tn< eo widely diapery*] Hint it is 
useless to attempt u serious discussion of a curve based on these data. 
A (sirsiglit-line relationship would not necessarily be expected in 
plotting values on this graph, «nd a curve drawn nt some Inter Lime 
when more data nle available would probably be fount! to flatten 
out toward the right-hand side of the figure. 

It is evident that this series of stony meteorites offers little proof 
of any progressive increase in the percentage of nickel in the iron 
ns the quantity of iron decreases in Ui© meteorite. Table 4, however, 
shon^ some of the ranges of indices of the different lyjws of irons 
and indicates thut in tin- metal of stony meteorites an even greater 
range in the cobalt-nickel to iron ratio crista. 

.Before leaving the idea of the correlation between abundance of 
metal in a stony meteorite and, its cobalt-nickel content, mention 
should be made of a further suggestion, namely, that as the cobalt - 
nickel to iron ratio gets lower there is a related progressive change? 
in the ratios of Feb: MgO in (lie silicates. The Soho Banja and 
Chicora meteorites contain a very small percentage of metal, but 
what is present is exceedingly rich in cobalt and nirkrl-—hence the 
ratio index is rather low. The built of the silicates in each of these 
meteorites ia olivine and pyroxene, and both of these silicate?! are 
rich In PeO. Again many meteorites have been found to contain con¬ 
siderable percentages of metallic inclusions in contact with the 
magnesium silicate eustalita, which lias bwn found to lie about the 
purest en stalks known—almost without « trace of iron. 

From what can be observed by examining section* of stony meteor¬ 
ites, it is difficult to see how I lie re could be any relationship between 
the composition of the metallic portions and the composition of 
the silicate minerals. Judging from the physical relationship of 
thft iron t« the other minerals present, it would appear that the matal 
solidified taler than the silicate minerals. A cl mi id rule is shown in 
plate 0 completely surrounded by a ring of metal, end such features 
as these are not uncommon. Merrill * called attention to the thread¬ 
like forms of iron penetrating silicates, and it is difficult to see how 
these delicate threads could outer a silicate mineral unless the iron 
solidified in the fractures of previously formed minerals. 

A conntidng array of evidence cun be offered to show that chon- 
dritic meteorites an tuff?—that is, they represent a type of nock’ 

^■Tb» Amt «mu Utl»r* of tb# mrtrorll, turns* or* «•*> to HM pwlliofl on 1h* 

■ Iter. u. a Not inn, voi. ra, *m. ti, toss, 
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tuediantoally brought together; Lance, the furious components of 
such atones are associated purely by cliutwc. TUiu sections of chon- 
drttic meteorites show some complete chimd rules, but tisuidly then) 
are a great number of fragments of chow)rules present, The frag¬ 
mental nature of this class of meteorites is n conspicuous feature. 
Foiling* stated: "The [igglomerntic nature of dwuiritic meteorites 
leaves little doubt that they are volcanic tuffs,” Since in many stones 
tho iron occurs cue.lofting chondruhss or |K?ncUuting the minute 
fractures of silica to minerals it is logical to assume that it was 
deposited after Lite fragmental silicate material was partially con¬ 
st ditto led, 'Willi such good and abundant evidence suggesting that 
thu silicate miUvinta were mechanically brought together, ami (hat 
iron woe introduced after the silicates hud formed, it is impossible 
to understand why any relationship should exist Ik? tween tine com* 
position of the iron and its abundance in a meteorite, 

A few studies have been made upon the etch patterns of the iron in 
stony meteorites, and these studies indicate that till the features found 
in the inm of iron meteorites arc also present in the iron of stony 
meteorites. There is no questhm but that some of the metallic in* 
elusions in tiie.se stones are exec pi tonally rich in nickel—above tin* 
range found in the iran meteorite*—hence it to to be expected that a few 
unusual etch patterns may be found. 

CONCLUSION 

The purpose of this discuss ton Las been to show that some progress 
to being made in relating the various phenomena observed m the study 
of meteorites, although some of the most cuusp toucan* feature* arc still 
but imperfectly understood. The description of stony meteorites is 
very difficult, and often a published account »«o general that it to im¬ 
possible property to classify the specimen or to correlate it with other 
meteorites, Tho study of meteorites is only just beginning, and the 
system of classification to still in the formative stage. It is unfor¬ 
tunate that tho interest of many persons in these objects to merely Ltiut 
of the collector in posseting something extremely rare, when so many 
interesting problems await the attention of ambitions students. 


'j'lmr, Mineral, »« lid, p. 1ST. IP-ll. 
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PHILIPPINE TEK’ITTES AKDTHE TEKTTTE PROBLEM IN 

GENERAL 1 


H> 1L Oner Bern 
Cr/Kirtmoil of Anthropology 
V*lt*r*tii> of IA<* Philippine*, Utmila 


One of several things for which the Philippines (ire remarkable is 
dm presence in the Islands of the world’s largest known deposit of 
tektites. The term *'tektits'’ was adopted in IfiOO by Prof. Frunr E, 
SucvJt, of Vienna, as a general mime for a carious group of natural 
glosses which have come to lie widely regarded os of cosmic or extra- 
earthly origin, tii recent times it has Income apparent that these 
bodies did not full singly or sporadically, but that great showers of 
them foil upon certain parts of the earth at widely separated geologic 
periods. A small deposit has been found in the Ivory Coast region of 
Went Africa that is believed to date as far buck as Mesozoic times; the 
Moldavitee, or European tektitre. date front the Helvetian strata of 
the mid-Miocene* Liu* whole group of Far Eastern Irk tiles, or Iudo- 
Malaysian ites, are undoubtedly mid-Pleistocene: while the Au-tra- 
lites, nr tekt ites of A list re tin mid Tasmania. are believed to he poat- 
Pleistorene or recml, Three four major geologic groups of tektites 
all differ from one another to some extent in physical appearance, 
chemical composition, and specific gravity, but till jjosscss certain com¬ 
mon differences from other earthly rocks which have led them to be 
classed together as genuine tektites, of unknown but probably cosmic 
origin. 

Most if not all true tektites appear to have been originally of the 
natural shapes that would he assumed by molten glass revolving in the 
atmosphere or any similar gaseous medium, i. e., spheroids, disks, or 
oval, cylindrical, dumbbell-shaped, and pointed, drop-shaped bodies, 
some Enter broken or exploded into fragments of various. size:-. This 
fact, together with their anomalous chemical composition, anil the 
further fact of their being found frequently in wholly non voles nit* re¬ 
gions, have been the chief reasons far adopting the cosmic hypothesis 

‘Pip,* :cim 1 al Un Kumlh Annual tSMlIm «f U* SoOttr f« UtmRli dll Urtnrili! 
CPlnmbiu. Ohio, ivamlif ivo ivpiliiiol l»r ptntlaaa ina I'antniwitaio at to 
Ooctetr for lUemreh on hMta. PnpoUr Axrwnmy, tot, 43, So. 1. Jinuixj imo. 
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in jfeeking n reasonable ucplrinntioii of liicir origin. The Anstitlilis 
(iron] 1 of tektUes adds still further probability 10 the coeroie theory by 
showing ei partial re-fusing of (lie original glass sphere, u part of 
which has flowed backward and soltdiih-J into u more or less flat' 
totted ring or bund. giving to the whole specimen it jwculiur butt unlike 
npjn'uraiiw, in the typical forme. In many roller cnees, the re-fused 
material lias hern completely swept away in flight, having only a 
small sharp -edged or lens',shaped remnant of the original cefctite 
sphere. 

'flie Philippine rektitaa all belong to the gene ml Indo-Miilay$itmita 
group, of mid-Pleistocene origin; this group ootihtitw also the (ektitm 
found In Indo-Chiua, Borneo, find the Island of Java. White present¬ 
ing great uniformity in ifomixreition, and in color, specific gravity, nttd 
other properties of the gluts itself, the IndoMalaysinnites of ifif- 
ferent geographic areas present certain characteristic differences in 
shape, surface markings. flow-lhus, and the degree of viscosity of the 
original mate rial, which have led to their being divided intu four 
major and several minor subgroups of mure or lesa distinctive and 
well • defined character. The four major subgroups are: 

1 fftrforhfattrt (aneinrillr nuwi viscous, wltii stretchEni inthw.- sections, uml 
wIlU luali ni ralijii! oral earml ilrujia, nix) Imngnljir friipniioUj 

ns tbe motif rb&nn’iferisric forms, '■itbcmiiljt (Hinjj rnre). 

2 , liisaUttr* (iililed pjthcFolil*; orals, aiut rFUnilrirtil form UelD|t Buwt '’bnr- 
ictvrUUc, *hfmiric luit-rrm'iilate vimrodltf). 

S Itnutonttft null (wl!>i drt|ily elchcil Bjjbt-rokU. vj-Utid*M, 

hint irregular i,tECt’Vji H ^bowltipf vono-infck grooves and navris nn tic 

ptmrat'tvrjaUc forms j milium vieotreUr). 

I Jut 1 # IvkiUet Uvusi vl*ouu*V *Hib liijjlily rampl lea leg ft'-w-Uni* mlldij 
but rkurly etched eat nn relnrhHy umixaMi nrnes and with splwroklnl 
ami IrretulJir or fr^BTuenfjirr forum as tin- most elinnit-M'rhile), 

The most typical fndochinite sfHidinens occur in South China nml 
northern and central Indo-China. although they are found also, 
spangly, in Luzon (particularly in the Riaal-Bulakun area, where they 
are mired with much larger munhers of Rifs lit** and a few BUN ionite 
and MitlAyidanjte types). 

Hie most typical Ruud ilea occur only in Luzon, although « few 
similar, pitted epecimcns are known from Borneo and Java. 

TI» Biliitonito and Malaysianite types, although least in number, 
rover the greatest area, being found in parts of southwestern Lueoh, 
the Island of Suai&nga in the west-rant ml Philippines, Borneii, Hie 
Niifunit Art’hlpi'iflgo, southern Lido-China (especially Cambodia), the 
Malay Penin«ula, and the Island of Billiton. The original Billitonites 
(first found in the tin mined of Billiton Island) show characteristic 
worm-track grooves and navels, with relatively smooth surfaces be¬ 
tween such markings, while the true Malftysianites tend to show ir¬ 
regular and heavily etched surfaces with (lie irregular pits and other 
jheij kings often running together more or lw$s continuously, as seen 
most typically in many Cambodian and Bimuanga lektites/ 
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The most typical Java tektitcs are found only in central Java, but 
a few very similar 5p«.-imrTis «rur in the PhlUppilHB (partirulnrly in 
the Santa Mesa district of KLtal Province). 

Tiro largest known who It- tektitcs occur in southeastern Luzon, in 
the I’amt-ale district of the I like I Foil insula, while those of Indo¬ 
china rank next, and the Malaysiauites probably third- Tim great 
Bikol tektitcs tuuv be truly called “super-sized, 1 ' since most of them 
am large, and small specimens compactlively scarce. The largest 
found so far weighs 1,070 g., and it an almost perfect sphere a little 
over 1 inches in diameter, but mom than n hum)red Hiked specimens 
limning from 20U tn 700 g. each have so far been found. The largest 
recorded whole Indo-Chiua specimen is from Cambodia, and weighs 
630 g., while the largest known M abyss unite is believed to have come 
from Pahang end weighs 464 g. Only a few other specimens weigh¬ 
ing 300 g. or more arc known, all of them having nun? from the Indo* 
Malaysianite region, nifwt of them being from Imlo-Chinu and tlin 
Philippine,^ with one each from Java and the Malay Peninsula. 
The average for this region, however, is between only 15 and 20 g. 
The largest Australke has the exceptional weight of 218 g., since the 
Aiust rq lilts arc the smallest of all tektites, averaging only about 1 g. 
each or less, Tektites from other regions are intermediate, but no 
recorded specimen reaches 150 g_ in weight. 

However, what was originally probably the moat gigantic of all 
tektite is again recorded from Indo China. Tins is the famous 
specimen of Lower Luos, of which several thou Hand irregular frag¬ 
ments have so fur been gathered within a relatively -smalt area. The 
largest piece weighs more limn 3 kg., while many of the smaller ones 
weigh only a few grams each. The evidence to date seams to indicate 
that all of these pieces are parts of a single huge tektite, perhaps liutf 
a I lie ter in diameter, and weighing nearly 100 kg. One of the must 
interesting things about these finds is that no other small whole 
tektites have been found anywhere near the same region; this fact 
lends fore* to the cosmic theory, since any shower of smaller bodies 
accompanying this great cosmic bomb won let have tended to fall far 
behind in the course of its flight through the earth’s atmosphere. 

This brings us bock again to the various theories accounting for 
the origin of the tektite glass itself. Many such theories have been 
propounded in the past, but most of them have been demolished by 
the extensive and often hitter criticism to which they have been nub* 
jected. A few theories, however, have withstood much critical dis¬ 
cussion and are still worthy of serious consideration, although no 
aingte theory has yet received universal or wide acceptance among n 
majority of those interested in the major tektite problem and its 
solution. I shail conclude this paper hy summarizing, first, the 
essential features of three views that are still being seriously con- 
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sidcred mid fill nil l hen present u new hypothesis that has recent !y 
beeli worked oat on llio basis of Philippine materia] and that suems to 
present certain features which will doubt le-s provoke much interest¬ 
ing discussion and may oven udd a new chapter lo tektite history, 
First. although nu one has yet ever been able to present avrpptnble 
proof of the volcanic or other earthly origin of the t&ktite glasses, 
there is still an appreciable number of students of this question who 
believe tiutt such an earthly origin will some day V« demonstrated ; 
therefore, this possibility should not be disregnrdwl, although major' 
ity opinion is today decidedly against jL 

Second, the view known as “the burning light-metol meteorite 
theory" (* theorj developed in its varum* stage? hy Goldschmidt, 
Michel, Lacroix, and Suets) is stilt regarded by many capable in* 
Testigntor* ns the most acceptable explanation of tektite origin yet 
presented. In brief, ihts view is based on the generally accepted idea 
that the great seasonal tuuteoric slmwors which go frequently visit the 
earth* atmosphere, and are mostly wholly oinhumed in tho upper air, 
consist in the main of the Light metallic elements which oxidize at 
normal nr relatively low tempera iiif-tK, It is generally bettered that 
a considerable amount of finely divided silica or siliceous matter is 
shed from such showere, probably reaching the earth usually as ft fine 
powder or dust. This tekiile theory presuppose tbaL tbe earth bus 
occasionally passed through abnormally thick clouds of such matter—• 
such as, e. g-, thin* which are commonly believed to form the tails 
of «ime comet*, etc.—and that at such limes the quantity of siliceous 
matter sited would be sufficient to form sieable globules of liquid 
glass, falling to the earth in snUdlfted form Ait a tektite shower, 
(The principal objection to ihi-t view, in the mind of the present 
writer, is the difficulty of explaining the secondary re-fusing of the 
Anstrattles and the absence of such secondary forma in the indu- 
Malay si unites, since the glass of boUi tyj«* b of praetk*Uj identical 
composition, color, and specific gravity. Van der Vc« j it. however, 
hua suggested that this difference was due to the more fluid nature 
of the AustreUtc glass, while the lurfo-Malay&iunites wore more 
viscous, fhn increasing viscosity of tile Indo-Majitysi unite gimja, 
from Java north wed. ward tv. South China, seems to support Van dor 
Veen’s view.) 

Third, Spencer's “meteorite explosion-crater" theory, while re¬ 
garded as unacceptable by n majority of lektitc students, is, in my 
opinion, still to be cojibs du red a- a possible clue to the origin of many 
important varieties of pseudo tekiitcs, etc,, such as the silica glasses, 
Darwin glo^s, the Amcricaniles, the Philippine j^udo AmericanUiHi 
of Santa Mess and vicinity, the Claveria jsscodo tektilc-, and pos¬ 
sibly even the European Mulduvitea. The essential* of this view arc, 
briefly: Quantities nf silica glam of several type® have been found 
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around fzuci grout known tnotcorUo craters aft those nf Arizona, 
Wabar, Hcnbttry, etc. T and am believed to have bom produced by the 
fusing of earthly rocks and sands by th* terrific beet resulting from 
the explosive impact of the huge meteorite which produced mch 
crater*. An explwiott great enough to produce n crater a mile or 
more in diameter would doubtless throw molten silica find other fused 
matcrin! a vast distance into the air. and gmch material would rend 
to assume the geometric forms common to gloss drops, hardening as 
it fell back toward the earth. At the time of Brat propounding this 
view, la 1033, Spencer felt that the origin of u-ktites might be tliue 
explained, but in his more recent writing he admits the difficulty of 
explaining the widespread A lint rail tea and ludo-Mal&yaiamtes on 
Rich grounds. The chief argument in favor of this view of tektito 
origin is that the composition of rektitos approaches that of some 
earthly day®, but one would need to presuppose temperatures much 
higher and craters mudi vaster than any yet known on the earth. 
(However, we must await more detailed study of tho great lunar 
craters* now coming to regarded an mainly nmeoritie in origin, 
imd consider also the possibility that such great crnlcr* may lmv«i been 
destroyed or largely core rad by erosion ami vegvlmtional growth 
on thn earth,) 

The present writer ha® expressed no pergonal opinion in favor of 
any of these theories of tektite origin, but hag attempted merely to 
point out from time to tune some of tho arguments against or hi 
favor of each of tin? view®. The game attitude will be preserved a® 
regard® tho new Rufus bypotheri# prison toil herewith. 

AN ASTRONOMICAL THEOET OF TEETHES 

Under this title Prof. ff. Car] Rufus, of tho Observatory and 
Astronomical Department of the University nf Michigan, has pre¬ 
sented to the writer a new explanation for the origin of tektitea which 
was published in another paper. 1 For the present, I wish only, 
then, briefly to summartee tho essential® of his theory hero, and, to 
advance a few short argumimtH for and against it. The essentials 
of the theory follow: 

The small natunihgln^ Ivudtifts known tig let tiles wera originally de¬ 
rived in major port from ills glassy basalt, or tachyJytc, which forms 
Ihu deeper crystal layer of the earth t exposed chic By on the floor of tlir 
Pacific basin, at the time of the fission at separation of the moon. 
Furthermore, the earthly tektrtes represent only a smalt station of tho 
vast *warms of liny satellites which reuiiiincd revolving about the 
earth wiLhin Ihe Rocha limit and particularly that section of the 
satellites haring & revoluMonaJ period dustily coinciding with the 
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period of the earth's rotation. Such aworms would have remained 
approximately above the Pad fie basin, but would have gradually 
fallen behind and tended to be draw ri to the earth mi amount of [*'r- 
turbot ions resulting from the gradual retardation of the moon. 
Cumulative perturbations and other totaled factors hare caused 
swarms of these UhJ'scs to come down to tits earth «t widely {separated 
geologic peritKls in the earth's history, such falls having bran par¬ 
ticularly extensive along a greal-cmdu route crossing the western 
iaJge of the Pacific badm This condition would account for the 
great quantity and wide distribution of the Inrio-Mnlaysian tektites 
especial|y, which are of almost identical chemical composition, white 
i it her showers of tehiites came at different geologic periods and varied 
somewhat in composition and physical Apjwaranre. 

While flmt] critical appraisal of tbt theory must autiv from others 
letter grounded in astronomical and geophysical knowledge titan the 
present writer, there are certain implications of this new hypothesis 
that may well he pointed wiL First, negatively, the well-known 
chemical differences between the true tektitea and known earthiy 
rocks have hut vet been satisfactorily accounted for. It is true, per- 
liups that there tire very few analyst 1 * of deep-rested glassy basalts 
uviUthle in car literature, and that this f»tt might MCWBt fur the 
principal difference observed between the tektHe chemical plkrri and 
ihnt of the more widely known stir face reek# (either plulunir or vol¬ 
canic )> In purth’iilar the dominance of potash over soda in the tektiles 
is outstanding, and ie accompanied usually by a predominance of 
ferrous osidc. This condition is just ihe opposite of that of most 
kno wn earthly rocks and glasses, and it is obvious that f urllier crtilenre 
is needed hare. 

It should be noted, however, that ilia foraging objection applies with 
equal force to all other proposed tektito theories, except the generaSized 
rdtmic hypothesis. On the other hand, the Rufus theory explains or 
lends important mippnrt to a numlter of other views hitherto regarded 
as not altogether acceptable in (heir entirety; r. g., Fenner** views as 
to the origin of tho secondary forms of the Australia fit in very well 
witli the Befua theory; in fact the AustroUtre furnish probably ihe 
Ijpst support fur the new theory, although they almost certainly repre¬ 
sent a different shower from that which gave us the Indc-Malaysian 
tvkt.it£3. The larger and heavier Indo-Malaysian tektitee would have 
taien drawn down at an earlier period than the smaller and lighter 
Austmlrtes, although the glossy substance of which both are formed 
ie of almost identical chemical composition. 

Past experiOTn» has shown that it is caaW to demolish tcktite theories 
tlian to find substantial support for any one nf them. Professor 
Rufus has ihtw been rightly cnuiiom> in presenting lib new explana- 
lion, and in welcoming expected criticism and discussion. It is 
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hoped that rntistruclivo critic itm by qualified contemporaries may 
soon demonstrate whether nr not ibis latent fxpltmntiou of tektite 
origin can stand the test nm! take its place among the few most «c- 
ccp table theories accounting for these strange bodies, 

1‘OStTION OP THE PHILIPPINES IX RELATION TO TKKITflS STITHIES 

Up to last year,, the present writer and Dr, Signal Selga, S.J., of 
the iVeather Buitau, were (he only loot! students to take a serious in* 
(('Test in febrile studies, but, Since the midrib- of 19S8, Mr, J. Van 
Ei k, of the Marsman sin if in Pnracnle, hns been making some very 
interesting observations on the physical history and characteristics 
of the Bikol tektites. A monograph by the writer, covering thft re* 
miIu of Kims 15 yrora' uctivo study and collecting of Philippine 
toktihs, since the first specimen wop found in 1926 in a Baal Province 
archeological site, will U* ready shortly for publication. However, 
in view of the unique oppert unity that lilt I’ldlippines present for 
the study «f the richest known deposits of tekiitra in their natural 
environment, it is to l» hoped that other local scientists may soon take 
a greater interest in thin subject ; and it is with the hope of stimu¬ 
lating such interest that 1 nm presenting llie present outline of the 
subject at ibis meeting and to the Philippine National Research 
Council, 
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Si* years ago over a hundred viru*t> were recognised, yet It would 
have been virtually impossible to write then on tlift present subject, 
for aL that time practically nothing was known about the dusmiexi! 
properties of riruisesL These agents which are responsible for untohi 
millions of IlIjiO££e& and deaths nmungsL people* animals, and plan is, 
ware recognizud only by means of the diseases which they claused, 
diseases Kuch as smallpox, parrot fever, > h eJlow fover T SL Xi&iiis 
eepbnli tis, poli otnyol i tis, in encepha 1 omy eli its, foot- and - mi hi th 

disease of cuttle, looping ill of sh&ep 3 hog cholera, rabif.tr p dog distenv 
per, fowl pox. certain types of tumorous growths in fowls and other 
Ltnunuh. jaundice of silkworms, and various yellows and monies dis¬ 
eases of plan lb. The general nMura of the ogontB r^poiLsiblo for 
tuck disease* wa? n matter of much conjecture, When placed in 
Mrtiiil living celta, these agents could multiply, mutate or undergo 
variation to form now Ftraim., and induce immunity, They e*cmed 
to have many of the properties of very small living organisms Hueh 
as the bacteria; yet, unlike most bacteria, I hey were too amul] to be 
seen by means of the ordinary microscope and could not be induced 
to multiply in the absence of living cuJla, They were mysterious, 
invisible something* which, in the absence of living edls. npjieared 
hb harmless ami as lifeksa as pebbles on the beach, lint which, even 
after y^ara of inactivity, were ready to -pring into nc-tioa and cause 
di^riise and death when introduced by chance or by design into cer¬ 
tain I ivlng cell*. By virtue of ihrir ability to mutate or form variants* 
they were able to change and adapt thfdtnselvRa to new Bmroundiisg^ 
and conditions a ml thus not only to retain hut to enlarge their place 
in a changing world* The fact that die viruses were recognised only 
by means of the diseases which they caused and the fact that theso 
dbeases were becoming of increasing importance only served to add 
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to the man tic of mystery which surrou Hided them and to intensify the 
challenge which tltcv presented. 

In Iffito a tutigihle characteristic material posseting rims activity 
wns iioistd Irtmi Turkish tobacco plants disc used with tobacco mosaic 
virus and made available for chemical study. Tile material, which 
appeared to be a nuclcoprucein of enormous, $jxe posse-ssing qullo dis- 
tine live properties, was obtained from every lot of diseased Turkish 
tobacco plants examined. Tin* samu material was obtained from vari¬ 
ous, in some imoimccs unrelated, specie, of motiaic-dnieo&ed plants. 
Slightly different, although closely related, nudenproteins were iso¬ 
lated from plants diseased with strains of tobacco mosaic virus. The 
purified preparations poisvsaed properties which were characteristic, 
not nf the hosts in which they were produced, but of the virus or virus 
strain. An unexpected tin ding was that ttHn ifi-fl i • vattird Turkish 
tobacco plants may contain as much as 1 part per 600 of the high 
molecular weight nu< Iroproteiu. The amount of material bobble 
varied in other cases and appeared to depend upon Ui« host and the 
strain of the vims, and in some instances was only a small fraction 
of the amount obtainable from mosauMliseased Turkish tobacco 
plants. To date all attempts to separate tobacco mosaic virus activity 
from the nudeoprotein have failed ami the material, which can be 
(ihtaim'd in theform of long thin pHmerydtuiline needles (pi. 1, fig. 1), 
has come to be regarded os crystalline tobacco mosaic virus, flic 
material provided Uir first informntion regarding tire general nature 
and chemical makeup of this vims ami, nil hough its exact nature was 
and remains a debatable matter, its isolation removed some of tbfi 
mystery surrounding the general nature of viruses and served as an 
incentive for the search for similar materials in thn cose of other virus 
diseases. 

Tha isolation of crystal line tobacco mosaic virus was followed bv 
the preparation from various virus-diseased tissues of over UO ciys- 
tnlllne or amorphous materials possessing soma of the properties of 
llw respective viruses or virus strains. In not every case has it been 
proved that the material is essentially pure and consists of virus. 
However, in »vere1 eases it I ms been proved beyond a reasonable 
doubt that tlie materials consist of the respective viruses in an e=sen- 
tially pure state, and in no instance has virus «d ivity liven obtained 
in the absence of the character in lie material. Owing chiefly to our 
older ideas of the nature of virus**, the crystallinity of some of the 
purified preparations may appear »t first as a rather spectacular 
property } l h®se materials are considered ns proteins, crystallin¬ 

ity becomes an expected rather than mi unexpected propertv, for 
many proteins are known to ba crysta l limbic. Careful «nd mature 
consideration will reveal that crystallinity or the lack of crystallinity 
is of no special importance in connection with the purity or general 
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nitiin* of n material, but is important chiefly because it makes it 
possible to obtain certain solubility and Xmy data which would 
otherwise be unobtainable. 

There is not sufficient ?pacv for u detailed discussion of the 
chemical properties of all idle preparation* of purified viruses nntl. 
in order to provide you with an ides of their general chemical 
properties, I shall dcvoti: most of the test to the two viruses which 
bare been rate naive It investigated from this standpoint* namely, 
tobacco mosaic and tomato bushy stunt viruses. These arc typical 
viruses with rewpect to the essential and recognized diaracteristirs of 
a virus: Vet 1 L mu *1 la- admitted that each has certain special prop¬ 
erties which tuakt* it tm unusually favorable material for experi¬ 
mental work. Thus, tobacco mosaic virus is among the most stable of 
all viruses and reaches a muocMration in Turkish tobacco plants 
which is far greater Ilian that reached by moat viruses in their re- 
apcdive hosts even under the most favorable conditions, and bushy 
stunt is the only virus that hits been obtained in the form of largo 
rhombic dodecaJiedrie crystals (pt. I, fig, i). However, there is no 
more reason for regarding these viruses ns atypical because of such 
special properties than fur regarding vaccine virus as atypical bo- 
cause of it* unusually large size, or foot*mul-nmnth disease virus as 
atypical lie cause it is the smallest nf all virtue, Tobttcro mosaic and 
bis-.hy stunt are plant diseases, mid it has been argued that the viruses 
of plants differ fundamentally from those nf animals and, hence, that 
information gleaned from studios on plant viruses has but little sig¬ 
nificance irt connection with animal viruses. This argument was 
based chiefly on the failure of plant viruses to grow in animals ami 
of animal viruses Ui grow in plinte, However, because there is tm 
difference in the fundamental virus probities. T lutve always con¬ 
sidered this to be an erroneous viewpoint. Within the past few 
years, Fukushi secured strung evidence tbut rice dwarf diiMn virus 
multiplies in its insect vector, and Ktmkel and more recently Black 
have obtained experimental evidence which demonstrates beyond a 
reasonable doubt that aster yellows virus can multiply in its insect 
vector. The growth of a plant vims in an tmimal provides further 
evidence its support of the conclusion that there Is no fundamental 
(liffertnce between the viruses of plants Atld theft! of animals. Dif¬ 
ferent viruses must of necessity differ in cousin of their propelling, 
and a composite picture of vim see as a group will not be obtained 
until tunny viruses have been studied. 

Tobacco mosaic virus appears to bo a conjugated protein contain* 
mg about AS percent protein and ft percent, nucleic acid. The latter 
has bean found to contain uridylic sctcl, guanine, cytosine, and ade¬ 
nine, anti to give n test for a pentose but not for a desoxypentose and, 
hence, appears to be of the yeast father than of the thymus nucleic 
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acid type. Bushy stunt pints appeals to contain about percent 
protein and IT percent of a nucleic acid of the saute kind as that 
found in tobacco mosaic virus. Tobacco ring spot Titus contains 40 
percent nucleic odd, the highest percentage yet found in a virus. This 
is also of the yeast nucleic add type* but the dement ary bodies of 
vaccinia and of psittacosis have boon found to give a fust character¬ 
istic of thymus nucleic acid. With the exception of n bacteriophage 
preparation obtained by Kalmanson and Hrnnfcnbrenner and con¬ 
sidered to bo a simple prorein, all the purified virus preparations an 
far obtained have tieeii at least an complex as a nucIcoprotein. This 
fact may eventually prove of prime importance, for it may be re¬ 
called that chromosome* appear to consist almost exclusively of 
nucleuprotein. Sin me viruses appear to contain in addition some car¬ 
bohydrate, others lipoid, and still other* appear to be r© complex 
that they may bo ind istinguUhabTe from bacteria in composition. The 
distribution of amtrto odds in the protein component of tobacco mo¬ 
saic virus has $>een studied, and at present only the apparent absence 
of hixlJdine and the lack of a prepomlcrattoo of arginine and of 
other known basic amino acid* are mile worthy. Tim complete amino 
acid distribution in drains of this virus and in other viruses luta not 
ttt*n determined as yet, although such Judies an* tat progress and 
may provide n dut- to the reason for the specificity of vintse> and 
possibly a means for distinguishing not only between virus's but 
also between the strains of 11 vims. For example, with Dr. Knight 
it has already been found that the amount* of certain aromatic 
amino acids vary with the strain of the virus. Analysis of 12 prep¬ 
arations of tobacco mosaic vims indicated the presence nf 3,8.4,3. and 
<M> percent of tyrosine, tryptophane, and phenylalanine, respectively, 
with maximum deviations of ^0.1 percent for the tyrosine and *0.2 
percent for die tryptophane and phenylalanine values. The corre¬ 
sponding values in the case of the Holmes ribgrnss strum of tobacco 
mosaic virus were <3,4, 3.5. and 4.3 percent and 3.8, 1.4, and lOJJ per¬ 
cent in the case of the closely related cucumber mosaic virus 4. These 
results are of considerable importance, since they allow (hat the 
mutation of tobacco mosaic virus with the formation of a new 
strain which in turn causes a new disease may bo accompanied by 
change* in the amino acid composition of the virus. The fact that the 
phosphorus content of the different strains was approximately the 
same may be taken as an indication of tho absence of significant 
quantitative differences in the nucleic acid component of the strain*. 
Because of the dose similarity between the properties of viruses mid 
those of tho bearers of heredity, it is obvious tliat nn extension of 
this work should provide information of a fundamental nature 
regarding the structural changes involved in tho mutation within 
chromosomes. The nature of the structural alterations which mast 
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be responsible fur cliiuigts ih tbo virulence of a virus may also U> 
elucidated. 

Tobacco tuuoam virus contains 50 permit carbon, 7 percent hy¬ 
drogen, 1(5 percent nitrogen, 0.(5 percent pkoaphoru:*, and Oil tercet it 
cysteine sulfur. It has an isoelectric paint at pH 3.a, a density of 
1.517, nn<l at a concentration of about 3 mg. per oc, a sedimentation 
constant of 174XKH* cm, in unit centrifugal field and a diffusion 
constant of 3X Ifr* aq. cm, per sec. It luis been estimated by indirect 
methods Unit the particles of the virus are remarkably auisomciricaJ 
and are about 400 tn^i in length, and about IS iuj* in dijunctor. Ko- 
cenlty, by direct observation by menus of the electron mtorcecope, Dr, 
Anderson mid I found that most of the particles in a dilute elution 
of the virus are about 260 tup in length and about 15 nu* in diameter 
{pi* A> fig- 3)» Several kinds of evidence indicate that the molecular 
weight of tobacco mosaic virus is about 60 millions. The value of 
17 millions, which was estimated several years ago when the asym¬ 
metry was unknown and which was based on tin assumed asvuintrtry 
cons turn of I.J4, la incorrect, However, it is passible that different 
strains of tobacco mosaic virus may have different molecular weights, 
for the aliment at ton constant of die si uni ha mosaic strain k meas¬ 
urably larger than that of tobacco mosaic virus and the X-ray data 
indicate that the molecules of the former have the some diameter 
us (hat uf the molecules of tobacco mosaic virus. Furthermore, Mulch- 
ers and coworkers, in a study by means of die electron microscope, 
found the molecules 1 of flic two strums of tobacco mosaic virus with 
which they worked to have particle lengths of about 190 m? and 
140 ni/i, 

Tobacco mosaic virus gives a sharp boundary and migrates at n 
uniform rate in the TmeHuft vtueirophuresis apparatus (pt 2, fig. 1). 
When carefully prepared, the Tims gives u sharp boundary in the 
ultrecentrifage, but on treatment with salt at room temperature 
some nf the particles appear to aggregate end-to-end to give » prep¬ 
aration which shows two boundaries in the ultra centrifuge. Tim 
second more rapidly sedimenting boundary is due apparently to a 
component formed by the end-to-end aggregation of pairs of mole¬ 
cules (pL 2. fig. 2.1, Further aggregation yields a very iohomoge- 
neons product which shows a very broad boundary in the ultracen- 
liifugw- I lie sedimentoMon MIiKtaEl of tobacco mosaic virus has 
been found to vary with the concentration, owing apparently to inter- 
particle forces which become of emtsiderahie magnitude in concen¬ 
trated solutions. SohrtJaoj) of tobacco mosaic vims exhibit strong 
double refraction of flow rod electrical double refraction, tlw former 
Mug due to the rod l ike ships of the particle and the latter to the 
particle being asymmetrically charged, either permanently or as a 
result of the electrical field (pi. 2, fig. 3), The fact that tobacco mosaic 
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Tiros shows strong double refract ton of flow may prove of consider - 
nhie importance in apparently unrelated Seliis, for if mmmary the 
virus could, be prepared in pound lots or in larger amounts anti msed 
to study llt« Dow currents in apparatus such as pumps and hydraulic 
mms or the nature of ihu flow when boats or projectiles move 
through h litjtitd (pi. it, Jigs. I and 2), Moderately convent rated m>* 
Jnrtoftit of the Tints, when allowed to stand, separate out into two 
distinct layers, lit* lower of which is spontaneously doubly refracting 
and the upper of which show® double refraction wily when earned to 
flow. Pellets of the viruB obtained by ult racen tri fugut ton are doubly 
refracting. The strains of tobacco mosaic virus and cucumber musaic 
3 and -t viruses have properties somewhat similar to lliose just de¬ 
scribed. Intent maaafc virus of potato has a rodlike ahafie and ap- 
}>care to be even more asyimnetru al than tobacco mosaic virus. The 
layering pliettomonuu, t ire change in sedimentation const ant with con¬ 
centration, and certain of Bernal's X-ray studies, of Lanffer* oh- 
servotions on the electro-optical effect, and of Fnunpton'fl studies on 
die thixotropic character of tobacco mosaic virus indicate that in 
concentrated or moderately eouretitrated solutions there are inter- 
pat tide forces which are effective over large distances. Although 
in the past the nisbnw of such long-rungo forces has been denied 
for tlmuretirai reasons, Langmuir and Levine independently have 
remiily shown that there are in fact goad theoretical ground* fur 
their existence. The cleuuuiiftratiou of the existence of forces acting 
between him teenies hundreds of A. unite apart, and their acceptance 
from the standpoitu of theory alone, may prove of great importance 
in connection with nor theories of virus reproduction attcl other intra¬ 
cellular events such as the duplication of chromosomes. 

Thu carbon, hydrogen, and nitrogen contents of bushy stunt virtu 
are about the same ite those of tobacco mosaic virus. However, the 
phosphorus and sulfur contents of U> and U.-l to 0.8 percent, respec¬ 
tively, arc considerably larger than those of tobacco mosaic virus. 
Hu shy stunt virus has a density of i.85, a sedimentation constant of 
132 x l(r u , arid a diffusion constant of 1.15 X 1th 1 . A molecular weight 
of about 8 million and u particle diameter of about 2A tii^i may be cal¬ 
culated from these constants. Solution* of bushy stunt virus do nut 
show double refraction of flow mid the pellets obtained nn all reran- 
trifugation are isotropic. Tin- particles of the virus appear to he 
essential!y spherical in shape. The purified preparations are homo¬ 
geneous when examined in the ultrncentrifugc or the Ti-tclius electro¬ 
phoresis apparatus (pi. 3, tig. 3). Bushy stunt virus does not appear to 
be susceptible to the peculiar aggregation which seems Lu bo a churnc- 
terivtic of the rod-shaped viruses and, unlike the latter, the sedimenta¬ 
tion constant La altuo&t indpjwndent uf the concentration. Several 
oilier Viruses have been found to 1>e essentially spherical in ahaptr. 
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Among these ure alfalfa mosaic virus, which has a molecular weight of 
about 2 million and a diameter of about 1C ami the Shoot rabbit 
papilloma virus, with a luuh-r.-titar weight of about 2f> million ami a 
diameter of about 40 nip, The elementary bodies of vaccinia have ■ 
diameter of about S23 tain. There is, tlicieiore, a group of rod-shaped 
viruses and a group of viruses which are essential 1/ spherical in shape, 
although with the development of more precise techniques seme of the 
latter may bn found to he definitely ullipsoidnl in ahnpe. It should i» 
emphaRjzed that each virus has a shape and a size which Appear to he 
quite definite ami characteristic, regardless of the conditions or the 
Lost in which the virus is produced. However, neither this statement 
nor the stAtamenls relative to the homogeneity of virus preparations 
in the ullrnccritrifiigu or electrophoresis apparatus are meant to imply 
that all rite particles itt n given vinta preparation are exact replicas. 
Tim fact that variants continually arise during the production of vims 
would always insure the presence iti purified preparations of a small 
amount of closely related although slightly different particles, Then* 
is other evidence, such as tlmt obtained by Lacing in solubility studies 
on tobacco mosaic virus, which indicates dint the purified virus prepa¬ 
rations are no*. absolutely homogeneous chominslly but consist of a 
family of very closely related structures. The general situation mny 
not lie far different from that which is now known to exist. in the case 
of wen wry simple structures, such ss so I fur. nitrogen, and hydro¬ 
gen, where families of isotopes nro ihc rule rather tlinn the exception. 
In tfiis connection, it may bo stated that the problems and relation¬ 
ships which obtain with the tremendous vims structures &ru not well 
clarified at pit-amt, However, from a practical standpoint, there has 
t«en little difficulty* os yet, for there are uwersi instances in which, 
according to present techniques, there is o very high degree of chemical 
homogeneity, 

Tobacco mosaic, bushy stunt, and other viruses which have been ob¬ 
tained in purified form ore good antigens, It is accessary, however, 
to inject animals with the viruses, for antibodies do not appear to be 
produced in plants. This may be dm* to the nature of plants for, 
despite much effort, no conclusive proof of the exist cnee of antibodies 
In plants has been obtained, nil hough Wallace secured some suggestive 
results with curly top vims. The scram of a rabbit injected with 
tobacco mosaic viru?i gives a specific precipitate with tobacco mosaic 
virus and specifically neutralizes tobocro mosaic virus activity. This 
tuactaou has been studied with Dr. Anderson by means of the electron 
microscope and the ultracentriftigc. Electron micrographs of a mix¬ 
ture of virus and normal rabbit semm show virus particles of normal 
size, indicating little or mi adsorption of pa nicies from normal serum 
on the vinos molecules (pL 4, lig. I)* The sedimentation constant of 
tobacco mosaic virus is essentially unchanged iti mixtures containing 
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normal rabbit serum or antisera to bushy stunt, ting spot, or latent 
mosaic viruses However, electron micrographs of a mixii tit* of to¬ 
bacco mosaic virus and tobacco mosaic virus antiserum frum mKbilfl 
diovv particles ubout DO mjiwide, about flOOutp long and having fuzzy 
profiles (pL 4 t fig. 2). Tim imrrvj'j'e in partick width and the fuzzy 
nppeJirnnif 1 are regarded -is indiracing that Uiflemts uf asymmetrically 
shaped luulnutilcs faxnti the iunun renrt ^pccifkudjy with tin- viru^ 
molecules, No reaction between anti-tobacco mosaic Yirii8 serum unci 
huahy stunt Finis was Hum oust ruble either by means of Lbo electron 
microscope or the nHa acentoi fugv (ph S, fig. 1 } . Bushy stunt virus is T 
however. specifically precipitated by it-, own antiserum (pi n* fig. 3}. 
In gwerah a miroJogical wdaiimiahip may be demonstrated twtwe&n 
different- strains of the sump- vinr^ hut not bet wean different viruses- 
However* Bnwibin and PJrk have found time a serological relationship 
belw«jn mhicco mosaic am! cucnnnbor mosaic 3 nnd 4 viruses* 
Tliift fact and the fact that other properties of then? viruses are very 
pimihr may indicate a common origin for the^e viruses. ButVflen ant] 
Pirieslfio noted rhar the precipitate*; uf rod shaped virtues with their 
Antisera resembled those obtained wifh brtxderiol da^idkr mit.iircna, 
whereas i In m of the symmetrically shaped bushy si iiut virus resembled 
lEu)«c with somatic ant Ice ns* I--bacon mosaic virus has been found not 
annpbylactogenic hy th« Schuli r Dak technique and only weakly ana- 
phy lactogenic when ttiatrd in 

Virnsea are inactivated when subjected to except va a mounts of 
miii!* nlknli, oxidizing agents, fnrriwkbdiyifr*, urea, ultraviolet light 
or heat. In ganeml, I be rate anti the amount of the inactivation 
vary with the fk^ and with the ■ verity of the Imium m. Tobacco 
mrigiac rims h stabk lw fween about pH 2 und pH 8, At more 
acid nr mote, alkaline reactions the rrxideoprotam is denatured and 
broken up into material of hw molecular weighty und the virus 
p H'fivity appear? to he irrevenribly lost. There \s son it- evidence tlint 
the vim- fir-< breaks into fairly large places and then! then cmitimi* 
to break up into progieseivftly smaller piotres, but mum rhuu will be 
rrijuireil before an muict picture uf the proved may be obtained, 
Tlii disintegration of virun in itre* provides another interesting 
prwess for study* 3n fi 51 urea and OJ H phosphate buffer at pH 7 f 
Tini * ^ rnpidtjr disrupted* with appearance of free 
ftiiJfHydry] i^uups, into low moJecvilar weight protem components 
which contain no miclrfc acid, exhibit nu double refrm th.rt of flow, 
are insoluble in dilute buffers, and po*^ < m T in^ act ivitr. The rate 
of tfio dUmtegiiitiiiu varies wi l- ly with tlie Hun.vntration of mon, the 
concentmiion of electrolyte, She tyi* of iiU^tm]yfc t rhe hydrogen-ion 
i oncQiiir*fJnn ami the kmper^nre. The bonds which !io!d the c<rm 
ponent parts of the virus together appear to be released and satis¬ 
fied by those of the urea, for the virus rtracture literally flies apart. 
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It IS obvious that studies on tlitte split products should reveal in- 
formation concerning the nature of the components malting up tin 
virus and (terhapf furnish n clut> ils to tliA mode of synthesis of Hw 
vin«. Materials similar in structure to urea, each a,-; guanidine, us 
well ns apparently mi rein ted substances, such ns axUtim dwltM-yl 
snlfate, also cause disintegration of the virus. Enzymes have been, 
found fj* "isu-*' tin- hnui.-up of ■•erraih viniass X■ ■:sJi■ ■ r fobum) inn- 
attic nor bushy stunt virus is split by trypsin, but this enzyme causes 
tile rapid hydrolysis of ftlfalfu mosaic lima. Tobacco mosaic virus 
appears to be digested slowly t>y pepsin, although iho rate of hydroly¬ 
sis is much slower than might have been anticipated. All Viruses 
appear to be denatured by heat, and the tempcriiturf at which de- 
natural.ion occurs depends upon the virus arid to $nmn extent upon 
condition* such as the hydrogen-ion cm neon t ration and thr- kind of 
stlU present. 

In the heat and other types of demiturntion reactions that have, 
just been described, there is n more or less com pie to disintegration of 
the virus structure and the products which are formed do not have 
the properties which characterized the intact vims. They are of 
low molecular weight, do not react ^’rolpgitally with nnti-erunt to 
virus, and do nut induce the formation of inti bodies which neutral¬ 
ize tuna 1 1 bn> been found pMsiHin, however, to inactivate vinisss 
without such :t complete disintegration of structure. When tobacco 
mosaic virus is I rented with mild oxidizing agents, fomialdehydo, 
nitrous add, of ultra violet light, the properties of tin- resulting run- 
terinls nro, with the exception of virus activity, very similar to those 
of the in fuel virus. For example, tlm *dxe arid shape arc not 
tinibly affected, the materials give a precipitin reaction with anti* 
hsrum to active virus, and, perhaps rnosl Important, the injection of 
tho inactive materials gives rise to the production of antibodies 
which will specifically neutralize tnhaccn mosaic virus activitv. It 
apjiearE that timet treatments cause no great change in the general 
topography of the virus structure, hut bring about changes iliai are 
v«y sun 1 11 with respect to tlio structure a- a whole but which art 
nevertheless sufficiently definite to can*- the W .if virus activity, 
Tliis fart may bt- .(uitc Important in connection with efforts to pro¬ 
tect ouzttlrea against the devastating effects-of vine* discuses. As 
you may know, in tli-■ three general methods of protection which 
ure now employed, active virus plus immune serum, active virus 
usually of a strain that will cause u less severe disease. or in activated 
virus is used to tocure immunization. The st-cund method is ti.-ed 
extensively and successfully in the prelection against smallpox, 
yellow fever, and certain other rint diseases, mid tin* ihirri method, 
which has proved less satisfactory, 1ms L«eu ui*ij with claims for 
success for many viruses such as hog cholera, rinderp^t, dog dis- 
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temper, inflmc-n^u T ami others. Il is now being widely employed in 
the ease of equine encephalomyelitis vims* In tb* second method, 
Ike production of a strain which will cause an innocuous disease 
but which will iirummizG against virulent strains is moL-t important. 
In rid- third method, the product tun of an inactivated item which 
will, upon injection, immunise .igniiisi active virus is most important. 
It seems likely that many of tile failure to achk™ the Latter result 
have been duo to the use of methods of inm -ti ration which cause too 
great a change in the structure of the rims. In our studies of the 
viruses which we have purified, we have found that the asm* pro¬ 
cedure which will inactivate a given virus wilhout riiusiiu; wide- 
spread loss* of structure mid lira of characteristic antigonie proper¬ 
ties will ratiae the complete disintegration mid lusa of characteristic 
antigenic properties in mmtlmr virus. U is obvious, therefore, that 
it is of extreme importance that viruses be obtained in purified form 
nod limbed so that for each virus a method may be evolved for in- 
activating the virus without desi joying its immunizing pnrcncy. Thu 
change: in structure that results in inactivrttinn need not necessarily 
be very great, and it iu*y wcu U- nworsILile. Fur einmpte* we have 
fournl that the iuneiivaiion r -su h ing from the addition of forttudJe^ 
Hyde tn Labnccn mohair virn- may he rwi's^ul mid active virus once 
again prepared from the inactive material Tin- fact that this 
reaction may be reversed is some indication That a major change in 
structure ia not Involved. 

Closely related to die general problem of inactivating viruses with 
die leaiit (n-i I do chan gw in structure are the studies on ways and means 
of producing the lens virulent or rains of a vim* which are ho important 
in connection with the second general met find of immunbULtiun- So 
fur, the production of less virulent strains which havn proved of great 
practical importance hue been achieved by the simple expedient of 
pushing i he vims through another I rust. Thus, ji strain of viniE which 
will pitted against email [mx may In* obtained by infecting a cull with 
smallpox virufl and msdating die virus produced after seven! \wfc 
ftigra in calves. A useful strain of yellow fever virus wrui set ured in 
a similar manner by Theiler by passage through mouse brains. The 
change in environment during t lie production of virus in the second 
host apparently resulte in the preduction or selection of u -train of 
virus which is much loss virulent in t he first hc*L Practically nothing 
is known a* lu why a less viruhni strain is prepared or of the change 
ih^rurEim vbi-’b mii’4 hr involved. However, it does not appear un¬ 
seasonable to eijM^t that dafinite chemiral reaction 1 * which result in a 
change in the stmeturu of n given virus without cut using inactivation 
will achieve the same result and yield strains of the virus some of 
which may cause a less virulent diseiiftt ami la? useful fur iuiiutmiEa- 
rion against virulent strains. leaves diR^^d with different strains 
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of tobacco mosaic Tims an? eh own in (ditto 6- Some progress has been 
made in studies on methods for changing the chemical structure of 
tobacco mimic virus without causing a kn?s of virus activity. Dr* 
Anson and ] found that the sutfhydryl groups of the virus can m 
nboBshed by react ion with jodlim and (lie altered virus slid retains its 
stimuli biological activity ns shown by the number of lesions it causes 
on iVicptinnn t ghttinoKQ jiltints and by die characteristic disease pro¬ 
duced in Turkish Uihatco plant-s, Since the rirus isolated from the 
letter plants hail the normal number of snlfiljdryl groups the struc¬ 
tural change caused by iodine treatment was not perpetuated in sub¬ 
sequent gtucriti ioiijs of tho virus. Because of the jkissihiiitj ihtiL the 
iodine-altered virus might he reduced to normal virus within the 
plant reilo, other reactions of a le±s readily reversible nature Were 
nought. With Dr- Miller it was demonstrated dial must of the ttniinn 
groups of udnnvrv mu-ui- 1 vim- inny l m aetly heed by mean? yf ketem- 
ivjthout causing a measurable change in die specific virus activity or 
in the nature of t iso disease produced in Turkish tobacco plants. Since 
it seeina unlikely that the acetyl groups are removed on inocolation of 
the modi lied vims to plants, the fuel that the vims produced in such 
plants cimtains the normal amount of amino nitrogen may be regarded 
as v vhhricu that the muddled virus actually brings abuut the production 
of normnl or unmodified viru& Similar results have b?en obtained 
witii vim modified by the introduction of about 3,000 phenylnreidti 
groups per molecule- of virus by means of reaction with phenyl iso¬ 
cyanate. These results ih i iuhih rur t - tbai a largo portion of the surface 
structure of the virus may bo changed without interfering with the 
basic reaction of virus reproduction. Other reactions are Unrig 
studied in an effort u» secure modifications that, will lie perpetuated 
in subsequent generations of the virus. The purposeful production 
of new and w^ftil straina by cbcinicul means is one of the major proh 
lenw in tins virus field anti its solution will be of tremendous inn 
porta nee fiat only from m practical standpoint bin also in connect i on 
with the larger and fundamental problem of the (future of vlrup ac¬ 
tivity. The latter problem, the in activation problem and tin- problem 
of induced mutation nre all -r- closely related that it is UupoMible to 
attack one without attacking the others and simuhnru^iLdy funda- 
muDlul problems In other fields stidi as the origin of a cancerous celt, 
the duplication uf ri chnimoiMifiic, the mutation of ;l gene, am! even 
perhaps the nature of tbit ill-ddlned something called life. 

Although we do not know him viruses originate* reproduce, or 
mu I ate* we have lee met! much about their chemical properties during 
the pnst 5 years. We know that for every reasonably stable rim* 
which has been investigated there is a definite, characteristic high 
molecular weight material which h At least as complex as a nudeo- 
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protein. The fmperiaas of these mAtarials nmy differ widely, al¬ 
though in aurli instance the size, shat*, and chemical and other prop¬ 
erties an- the same regunllrss of tin* source of the virus, Tlte proper¬ 
ties of materials from strains of the same virus nre similar although 
slightly different. The amounts of the material* that may hr ob¬ 
tained differ tremendously and appear to depend upon the host and 
the virus or virus strain. Thu mute rials appear to be reasonably homo¬ 
geneous when curefillly prepared. Many different types of experi¬ 
ments have demonstrated n direct correlation lietwecn the integrity 
«f si meture of a given material and ils virus activity. Because of this 
and because it has not been found possible to separate virus activity 
from these materials, there is reason to Iseliere that they are the 
viruses. They appear to have the properties of molecules and in 
addition the property of virus activity, « kind of property usually 
assigned to organtsin» and one which has not heretofore boon ascribed 
to molecules. Some may wish to consider that there b a sharp line of 
division between molecules anil Otpmwin and that viruses belong 
wholly in one or the other of these two groups;. Other* may wish to 
retain* the sharp line of division hut place some viruses in one group 
and other viruses in the second group. However, to a chemist it ap¬ 
pears preferable to consider that vims activity may he n property of 
molecules, til at there may b; no sharp line of division between mole¬ 
cules and organisms and that the viruses may provide dm transition 
between the two. One virus 1ms been inactivated and reactivated, amt 
some idea gained of the accompanying change it* structure. Studies 
on (ltd elementary com position, the amino acid distribution, the amount 
and kind of nucleic acid, the immunological react ions, the effect of dif¬ 
ferent enzymes, the pH end thermal stability ranges, and the effect of 
many different kinds of clivimoda have lx*n completed on some of the 
virtues. Extensive -Indies of tin* physical properties have also been 
mode and the existence of long-range forces between molecules ban 
been demonstrated. There is every reason to believe that the cx- 
1 CTi.sion of these studies will eventually result in the solution of the 
more fundamental problems related to the viruses, such ns the nature 
of their origin, reproduction, and mutation. 
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Much ia written, berth scientific and unscientific, in the papers tmd 
nuiguzim^ of thi* country today about viuiuins, In spite of this it 
mi gilt Ik well to define the word "vitamin'" first, In the Urge un- 
nbridgvd dictionary in ihr writer** home, on the |»ge where this word 
u ritJimiti* should be, may he found audi words as i4 visi tutorial/* 
“viiaceat*/" “vitd farina,” ^t viigiin p ,5 and “tiJm"— bert no word vita¬ 
min.’ 1 Laier it wits found Elated in a su [Karaite pi nee among new 
words. The front page ol the dictionary shows that it was published 
in L03O, I'liia oli^KirvuLloD gives some eoncept uf the epeed witli 
which vita nuiis hive hcoomn ctimuian knowledge. 

As rtH-viiily as £ yearn ago, .-.-iim- ]*eopIe did not know the- nature of 
vitamins. The ptirduuniig agent ■ f a far gn compel ny which bus a Bne 
erientific bbjridory visited us at that titm\ 'J'he. fliscu^ion turned 
To vitamins. He said, “I uru imerealfd in viumiEite, but I enppo^ no 
one hits ever actually seen and handled a vitamin. Vitamin* are 
something like eh . tricity. urmh theyf* He was liken into one of 
Llu< fat ktrut onus anvl shown a bottle fill] of crystalline vitamin Bi¬ 
lk was a maxed. 

For the purpose of this discussion vitamins might Ixs defined as 
organic substances normally present in minute quantities in certain 
foocbiluJf^ the absence nf which in I he diet toads u> wsdhdeEiiitd mor¬ 
bid states. 

The older so-callorJ natural vitamins, vitamins A and D, will be 
mentioned very briefly* As yon know, utsmins A and I>. found in 
fish liver oil^ are U£*tl Ijl tin? treatment. of rkkcN. i-^jn-dully in i hH* 
divii and particularly during Uir> v-ititci, for thv dvvrikqimgtit of 
proper tom, fur the treatment of night-blindir-nud fur building 
up reafeunce to infection. Tahleta ami cnj^ulca concentrates of 

I Pp*r«ta+1 lit II IK*4llJlf uf iHo JKmntlttlH SkOOH cif ri.fi Scrl-i/ !>f r'.K rf-iaj. ,J ItiSnalrJ, 

ZJ. itj jwtml-Hj.jrj ffui- tu.1 ±uJ KJufli^r lti$ - h, i**r, l!il p 

April £ 5 . IMS. 
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these vitamins in irradiated foods are available today, There vita¬ 
mins have not been synthesized ns yet, at least on a commercial Kale. 
Certain individuals Lave claimed linn they have synthesized concen¬ 
trates of then vitamins, but they arc not available generaUy. 

Vitamin C, or ascorbic acid, true the first synthetic vitamin to be 
introduced commercially. It is used in the treatment and prevention 
of scurvy, some types of dental caries, ami other disorders. It is 
available on the market in various pharmaceutical forms, and b put 
into beverages, confectionery, and certain special foods. 

When interest was aruuaed in vitamin C a uiitnlicr of yean ago, 
a little synthet ic vitamin C was shown to a loading biochemist in an 
eastern university and he was asked, “What, good do you think this 
will have t” His remarks, based upon his work to biochemistry over 
a good many years, were us follows: 

J llilnk (hat It wttl (tint (1 ptoix* mi llw munriua tMim of a mimbiT of 
ill. iTvr-J Hi's, partlviitarly «( tlw |ilt<h«inlrtii iJ>|air(mefU*. t lb Ink n f™ t»Uh 
t’lmiiiWi uu4 ii tvw iiktt«ii(u|u{tiiti wlti b: lun-tvaiMt In vitoiluliif n. I Of 
lint think there Will bt: aujr baalih^M la It. Hivm I* plenty ..f vltiiiuiit C 
traliitili! (urtorullj In friuts panli'«liirl]r III fiinii traits, 

In contrast to this the United Stated Tariff Commission report* 
that in itHt> IT tons of vitamin C were produced synthetically in this 
country. From » reliable arotte comes the information that very 
shortly there will lie GO to 100 tons of vitamin C synthesized in this 
country annually. 

In figure I is shown what happened to the price of vitamin C from 
the Lime natural ascorbic acid became commercially available in 10,'iI 
at something like SSrtti per ounce to the present when synthetic 
<■srorbiu acid may lie had for $l,6r» an ounce. Figure 1 uho slmrra the 
tremendous drop in price when eyntfcetlc vitamin (! first became 
uvaiJahJe in 1037. Vitamin H ; or thiamine is used in the prevention 
und treatment of Iwriberi, of lack of appetite in children, and of 
neuritis of various types. It is available in the various pharma¬ 
ceutical forms, as wolf as iu medkiria] foods. Moreover, a new use 
for vtbmim B, has developed which won not anticipated until re¬ 
cently. li is used in the enrichment of flour of which k is reliably 
stated I ha) 40 percent of the Hour need in our homes and fill percent 
of the bakery flour usw) in this country is being enriched with vitamin 
B, today. Each pound of that flour must contain nOL less than 1 66 
mg. of vitamin B,. 

Vitamin B, wus not introduced into flour without encountering 
difficulties. One such difficulty is illustrated by the case of one of our 
good Jewish friends. When he heard flint synthetic vitamin B, was 
being pul in bread, lie was greatly worried and inquired whether 
Jewish (Kepis might eat this bread. In other words, was it ‘'kosher.’* 
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FortlUmt^Jy for the enrichment program and also for gut Jewinh 
friend*! It was determined to bt* kosher, 

SoDift tiiay wonder why im effort b taing mud* to enrich white 
floor rather than to entourage more widespread use of whole wheel 
flour- That k too tgog h story to discuss here, hut the following 
quotidian from Oscar Wilde's ^Ds Frofandk” may prove interesting. 
In describing a man whu hud betiil in jail for mtn o Lhne 1 he wrote: 

Wie ili week* ugn } wit* allowed by fhe tfnator to hane wWW bread to eai 
liwieikO of list ntfte black of bnjwt. bread of nrdltiary rrMod fare It U ft 
fiit-ai di-IEoicj. U will round HtttUgt? i\mi dry bvmd ran id i-fs'-ibSy Iw □ delicacy 
to anyoiLih To wr it b< ro ucueb *w Lhiit at the cJoae of uadi thf*! J mrtfuii.i 
mi wboErver ernmbs niaj be left on my tLa pt*ta 



Ftnrti L—VJ Untln Q. 


The Army and Navy have specified that the bread baked for (he 
soldier* and sailors must all bts enriched. South Carolina has re¬ 
cent ly passed a law that requires die enrichment uf all white Hour 
used In the state. 

Vitamin B, became available only in very recent years, Figure a 
illustrates the remarkable decrease: in price that has occurred as dir 
use of vitamin B t lias grown, hi lPAfi when natural vitamin Be be- 
came available, it cost about SkXJ per gram. In 1037 when the syn¬ 
thetic vitamin was Brat sold, the price dropped to $7,SO. The drop 
has continued until it is now being sold for SG.53 per grain. It is 
reliably stated vitamin th will soon be made in this country at the 
rule of £5 Lo AO Lons annuall y. 


finiflti!—is-IB 
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Another commercially important vitamin is niootiiik acid, or 
(ljuriti, iis it is allied for the benefit of tlinse who object to consuming 
nicotinic acid because they associate the name with nicotine. It is 
used in the cure and prevention of pdlagrra and is available on the 
market in various plan nmeeutienl forms, sometime in cumblrmtioti 
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with other vitamins find sometimes alone. It is available in medi* 
cLnaJ fraxls and is added to till the enriched flour pro Finitely men- 
tinned, in connect inn with vitamin B*. Each pound of enriched 
flour must contain not Iflsa them fl mg. of niacin. 

Tin- trend of the price of mcotinki &eid since 1E37 h shown m 
figure 8- The price of nicotinic acid in bulk 1ms drop^ied from $35 
per pound in 1937 to $fl50 per pound in Feb mu ry IMS. Hut de¬ 
crease in price has Hot been $o marked as in the e&so of mam of the 
other vitamins* since nicotinic add is an nld p well-known compound. 
It is interesting, however, that increasing volume of production along 
with chemical and engineering studies has made it possible to de¬ 
crease the price io the figure indicated, especially in times of gen¬ 
erally rising prices- 



Riboflavin (vitamin B^i is used in the treatment of certain fissures 
nf the lips and keratitis* s certain type of inflammation of the eyes, 
and also in the poultry industry to stimulate egg production- It is 
available in pharmaceutical preparations and in medicinal fuoeb. 
Beginning July ^ 1942, it will In required in enriched flour if ef¬ 
ficient riboflavin is available Hum to enrich the enormous quantity 
of flour needed in this country. This requirement may have to lie 
deferred for a few months because of a shortage of riboflavin owing 
to the difficulties that have been encountered in obtaining equipment 
necessary for its manufacture in sufficient quantity. For the enrich¬ 
ment of flour 12 mg. of riboflavin are required per pound of flour. 
The interest in riboflavin has also grown rapidly. In figure 4 is 
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presented the history of the hulk price of riboflavin. beginning in 
1038 when synthetic riboilimn in bulk first bccutne available at 
per grain to llie present time when it may be lied for $L2D per gram. 
This picture 1b nut so striking as in the cases of vitainm C and vila- 
min B ( since riboflavin has not yet been produced in as large quan¬ 
tities. Undoubtedly, however, the price of riboflavin wilt be lowereri 
as production increases. 

AU tlie vitamins discussed in the preceding paragraphs have very 
definite, well-defined uses, The value of the next two vitamins to be 
discussed b not so well known. There arc indications tin it the first 
of (heap, vitamin ll„ may lw of value in the treatment of certain 
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muscular rigiditiw. in paralysis agitnns, and perhaps for other condi¬ 
tions. In spite of (his, however, there is considerable interest in this 
vitamin, the synthesis of which was first reported in 11*33, Figure 5 
presents the effect of increased production on its price since 1330. 

Ah is the case with vitamin B*. the biological and medical value of 
the next vitamin, calcium pantothenate, is poorly defined. However, 
everywhere one goes the value of pantothenic acid in the cure and 
prevention of white or gray hair is discussed. 

In plate 1, figure 1, is shown a black rut whose fur has turned gray 
owing to a deficiency of pantothenic acid in its diet. Administration 
of pantothenic acid would change this fur hack to its natural color. 
The Good Housekeeping Institute has published a statement that it 
is possible to change a human lasingV gray hair hack to normal bv the 
use of pantothenic adtL On the west coast calcium pantothenate is 
being added to a large proportion of the milk sold. Pantothenic acid 
in the form of its calcium salt is available in various pharmaceutical 
forms. In figure 6 is presented the change in price of cnlcium pan- 
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lothiTmte {hut lu «3 occurred with increasing use. Sole that it was 
first made available just two years ago—in 1940. 

There are a number of other vitamins that may bo termtid parts of 
the vitamin B complex. Among them are inositol which Dr. Woolley, 
of the Rockefeller Institute, observed Uils certain effects on the hair of 
mice. p-aiuinoljciusoic acid which was proposed as a vitamin by another 
Xmv Yorker, choline, and biotin. There are others, but they appear 
to be of still leas importance. at least at this time. 



Plu ujoc <t—Oik Cum ^icimlifswtv- 


Two fut'Stduble vitamins box'® been synthesized. One of these, 
vitamin K. is generally used in two forms—first as vitamin K l( and 
second as 2-ificthylnaplithuquihont'. Hath of these compounds de¬ 
crease the dotting time of the blood and are used in patients before 
operations, particularly in people suffering frum jaundice, and also at 
childbirth. 

The other synthetic fat-soluble vitamin, vitamin E, nr «-tocopho- 
rol, is essential for proper reproduction in rats, but its value in human 
beings is quite uncertain. It may be of value in the correction of 
human sterility j and it may be important in the treatment of certain 
neuromuscular disorders. 

DEVELOPMENT OF OUH KNOWLEDGE OF BYNTHETia VITAMINS 

Scurvy, a disease caused by lack of vitamin C. hns been rce^micd 
for many, many year*. It whs a scourge to those who traveled long 
distances by boat until quite modern Limes, Many sailors and pas¬ 
sengers on long voyages Wore the nineteenth century died of thin 
disease before the)' reached their journey’s end. But in 1804 the regu¬ 
lar issue of ft ration of lemon juice w as made compulsory in the British 
N'avy and thereafter scurvy wag a comparatively ran' disease among 
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British sailors. However, before vitamin G waa isolated, the whole 
concept of some diseases being due to the lack of certain so-called 
accessory fuctors hud to be recognized by scientists anti nmdi esperi- 
menial work on animals performed. It was found that the guinea pig 
suffered from scurry and was u suitable experimental unkind for these 
studies. Using this animat us an indicator of activity it was passi¬ 
ble by various methods of fractionation and separation to isolate 
crystalline vitamin C, 

Vitamin C was isolated and first recognized as u vitamin by two 
American biochemists, TVatigh ana King, ill 1932. After they bad 
isolated vitamin C, using the guinea pig os an indicator af the activity 
of their fractions, it was fount! tlmt the same material had been iso¬ 
lated from adrenal glands previously by a Hungarian, Szent-GyQrgyi, 
in 192S. However, Sseunt-Gjorgyi had not recognized that ho bad hod 
vitamin C in liis bands. Subsequent to fJio successful isolation of 
vitamin C, chemists became interested in its structure and synthesis. 
In 1933 chemists in various parts of the world laid synthesized vitamin 
€ after the structure had first been determined. One of these early 
syntheses is due to EUuchstrin, in which xylosonu is oonverted to a 
flitril, hydrolyzed to die tt-kutu sugar arid, and finally converted to 
ascorbic arid. This did not prove a very satisfactory commercial 
synthesis, because it started with xylose nr lyxoao, both of which ore 
nut readily i vniiiible. A mure successful synthesis, also duo to Reich- 
stern, used the readily available sugar, glucose, as raw material. 
Gliieow) whb hydrogenated to sorbitol, converted t" sorbo-i 1 , then to 
dim iHutie sorbose, and than oxidized to 2 keto-l-gu Ionic acid which won 
converted into vitamin C, Amoug the other frieniiste who did enn- 
Eidernhl" work on the synthesis of this vitamin are Kurrer, Hu worth, 
ven Euler, and Micbeet, 

The first manufacture of natural vitamin C in this country took 
plnre in 1034. It was made from gladiolus leaves, which had been 
found to contain il rob lively high percent of vitamin C. Fields of 
gladioli were planted in die vicinity of the author's company's factory. 
Many difficulties were encountered in collecting and extracting the 
plants (Hi the day that they were cut 

Synthetic ascorbic acid wo* firet made available in the United 
Htatei in 1637. 

Beriberi, the disease caused by the luck of vitamin B. f was also recog¬ 
nized many years ago. Hocausti as muuy people in the Orient have 
BiiJfereJ from this disease, the Attention of medical hritmtistH was 
attracted to it at on early date. Most of the curly work was carried 
on in Urn Orient. Tnkntd, the director-geuend of the Japanese Navy 
Medical Service, was ahb to banish beriberi front the Japanese Navy 
in it^2 hy increasing tlio allow a net- of vegetables, Eslg and meat in 
the navy diet nnd by using barley instead of polished rice. lit recog- 
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aired that beriberi was caused by n badly balanced diet, but (list is as 
far as bis studies carried him. 

In 1897, a Dutchman named Eijkrnmi. working in Batavia, Java, 
found that beriberi resulted from continuous consumption of decorti¬ 
cated rice. He used this pigeon (pi 1, fig. 2) as his test animal In 
10*28, Jansen mid Donatb, working in the same laboratory as Eijkman, 
first isolated vita min Bi in minut*- quantities from rice polish, R, R. 
Williams, who started work some 30 yearn ago on the same problem 
in the Philippines, dsttleped a practical method of isolating larger 
quantities of vitamin II, a few years later. However, it was soon 
obvious that large-scale equipment and chemical engineering skill 
would be required to produce the quantities of vitamin B, that wore 
required to settle the structure of this vitamin. Dr. Williams turned 
to the author’s laboratories for help on his problem. Larger quan¬ 
tities of vitamin B, wore isolated and the structure of the vitamin was 
definitely eslublLslied. Dr, William# had previously carried out a 
crucial experiment, in which he had found that with solium sulfite 
the vitamin could be split into two parts, a nitrogen-containing sul¬ 
fonic acid and u sulfur-containing alcohol. In collaboration with 
Hans Clarke of Columbia University the latter was shown to be a 
thiazole derivative. After considerable additional work, the struc¬ 
ture of the remaining fragment was determined by Dr. Williams and 
by Dr. Cline of our laboratory, and ths Hynthesih was accomplished 
following an **:tr3ier synthesis of the thiazole moiety hy Buthmun 
and by Clarke and his associates. Independently the vil stain was 
synthesized by others, among (hem being Ore we, Andersag, and 
Westphal, and Todd and Jus associates. Two of these syntheses are 
graphically shown in figures T and 8, 

A good many strictly technical difficulties have been encountered 
in tba manufacture of vitamin B,. Has synthesis of the vitamin 
involves a good many reactions, some of which are very complex. 

Other troubles wern also encountered in its manufacture. One 
particular «tep, in days gone by, wus especially affected by it# accom¬ 
panying odor. One mnn w a- finally moved to quit. When asked the 
reason, h« claimed tiiat. his girl left him in the middle of tho dance 
floor I His odor hit I overcomo his charm 1 Many people leaving 
work would have a slight but definite odor of burnt rubber. One 
supervisor, on going 1“ a movie, m; somewhat embamv^ed when 
the lady next t j■ him row and informed tin* manager that there was a 
short circuit or something burning near her. The manager, ushers, 
the lady, and others gave the area a careful inspection to find whal 
was burning. However, the man was resourceful —ho got down on 
his hands and knees and joined the search. 

In 1013 Goldborger, n United States Public Health official, recog¬ 
nized that dietary deficiencies might play nn important role in the 
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development uf pellagra, a disease that vbi common in utir southern 
States. It is reported that 400,000 to 500,000 people fuffptKjd from 
thisdisease ever;' year. Investigations hy Elvi-hjem fed to his demon' 
stration in 1937 that nicotinic acid would cure black tongue in doc?, a 
condition analogous to pellagra in nutn. Previous to 1937 nicotinic 
acid had Im*;h isolated from rtc* polish, liver, etc., but m> one hail 
recognized tile signifleanc* of these findings. In 1033 Spies and Ids 
ooworkera reported that nicotinic acid (niacin) whs effective in the 
treatment of linmnn pellagra, and its use naturally has spread rapidly. 
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Fbana 7.—William* ami UModatt* *F»tJttal» «f vitamin B„ 


Nicotinic acid was first prepared in 1807 by Huber by the oxidation 
of nicotine with potassium chromate and sulfuric add. Later it was 
found tint, nitric acid could be used as the oxidizing agent. Nicotinic 
acid may be made also by other methods, such as the oxidation of 
quinoline or ff-picoline or by the bromi nation of pyridine, followed 
by its conversion to the nitril of nicotinic add and then by hydtulysb. 
Nicotinic acid is made in large quantities by processes such ns t b»s » , 
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Early In dw work on th« viburnum it w*« repugn sz**! iKat ihm* 
wi?ru rit Umi (w.i iviii.T-ftJublo ^vruiktl It vitamma, mm to 

beat and the utliiir HEtstabk. The hitter was itesiguated vk*mm 
nnd ihn othflr, the heat atabht fartor, was tfiwd viinmiii B f . Lattr 
b» ivRs found there were several brat-stable factory all ts^miai for 
the growth of (Jji> mi r Using tins animal in his teate, Kuhn and 
olhiAi-S show*±i3 in 1936 Hint one of the heat-ttaiblo factors* lutor termed 
riboflavm, waa Ike same n> a widely distributed aud prOTiously 
dw^rjbed yellow |iigim;nt in milk, lmi\ etc. lit? isolated tlie pigment 
from rgg white and dv termini I |i~. ktriitiure. RoLh Kuhn and Ejiitce 
sypthosjted riboflavin in 19H5. Karrer f s byutlusi*? b; tlmwn in figure 
9. Other hjoi 1 1 <mL>. have been developed in ibh country (or the synrhe* 
sir? of rjbtifbmn. 
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Medical jiiLuresL in ihia vitamin Elites from the work of Sebrell ami 
iinilut* in ltr3B who found that it prevented aiul cured certain fissures 
in the corners of the months of lumuiti beings. Two yean ago Sydcri- 
-irickur found that it prevented mid cured a certain type of keratitis. 
Hermit ewmmuitmns with the so-culled slit lamp indicate that there 
may h* a very widespread deficiency of riboflavin in the diet in this 
country. 

(n the manufacture of riboflavin the principal difficulty encountered 
has been the production of the rihose parr of the molecule. Of course 
ribosc is a very rare sugar. It bus involved tnudt work by night and 
by day. including Saturdays uud Sundays, to find a good maun factor- 
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lug process fur rtlr<fijivin_ It U one thing to moke aucih a compound 
in tho laboratory when one u interested in making perhaps a grant 
or two of it, hut quite another thing t« do it on a {urge scale with res- 
aomtbly good vie Ms. The manufacture of these vitamins b curried 
out in typical manufucturing equipment, although it is not made on 
anywhere near tin; scale to which our friends in the heavy chemical 
industry are accustomed. 

During the course of Goldbcrger’s work on the pellagra-preventing 
factor, he was aide to produce a ayiidronie in rats which was called rat 
pellagra when the rata were fed on dicta deficient in this pdlugra- 
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proven I ing factor. However, in 11135 Gydrgy showed that mf pellagra 
was not canned hy a deficiency of the pellagra-preventing factor hut 
by a deficiency of a. separate factor which he termed vitamin B», now' 
known as py ridoxine. Tb i s comjiouiid was iso hi ted by I >rs. Eereszl esy 
and Stevens in the Merck laboratories and at about the same time in 
other laboratories by Lnpkovsky, Kuhn, and Ichibu ami MichL Its 
synthesis was accomplished in the Merck Lai-ini torn* in 193B by Dro. 
Harris and Folkers, An may be seen from figure 10, the synthesis is 
not simple, hut in spite of this a number of good classical organic 
reactions have been used in its preparation, 
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In I93y H, J. WilUame discovered an uddta siitistAsca which occurred 
in many natural products that would stiitmdmo the growth n£ yeast- 
Io tho tufiantlmo oltar workers had found that chicks bred under cer¬ 
tain apodal dietary condi tiomukH'oInpihd a ttermulHifi which wu attrib¬ 
uted to the lack of n so-called filtrate factor. In li>30 Elvehjem ami 
Lepbovsky and Jukes fmmd dint highly active concentrates of panto¬ 
thenic acid would cure this chick dermatitis { pi. 1, % r 3)* Pretiourfy 
Williams had isolated a somewhat crude preparation of pantothenic 
add from natural sources. He had shown that pantothenic acid was 
formed by the combination of ^alanine with a hydrOiy acid. After 
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the lUtiiDHiiHuiieut of tiie probable identity of pantothenic acid with 
tilfj MCHdttlletl filtrate fncUrr for chicks tho collatwrution of our labora¬ 
tory wiia enlisted in the inieatigution of the structure of this acidL 
First the hydroxy add nos isolated from nuturol sources in the form 
of its lactone. This was shown lo iw the hwo form of it-byilrosy-JJjff- 
dimethy 1 -y* butyr nlactone. It was $oon synthedttd, Pantothenic 
acid was obtained by oowhining this lactate with *alU of /S-uimiino 
or its ester followed by hydrolysis. Synthesis of pantothenic acid 
made it possible to establish without further question the identity of 
the duck “111Lrnte factor” with pantothenic acid. 

As was mentioned previously, there has been a growing demand for 
calcium pantothenate and it is being manufactured in relatively largo 
quantities. 
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In a study extend ing frtmi 1929 to 1GS4 Dam anil his A^odatcai d*- 
■ Tibed a deficiency dbi^ii^ ut chicka whirh was eh ii racier hfted bj a 
marked tendency to bleed* If diown that I hr dotting time nf 
the blood of rhicks suffering from this disease was greatly prolonged* 
Dam foimJ tint hog liver contained a fat-wlubla factor which would 
correct this condition, He termed jfc liuuiitu K Snlisequeiit.ty Aim- 
Hiues obtained highly jMJtent concentrate frem alfalfa. Later DoLsy 
and hb as^NUAteft succeeded in fculuting trhat tliey termed Tit a min 
iv t in alfalfa and IC in fidi tuni. Tbt Ktruei ure of the more important 
of these, vitamin K t( was found to ho 2-methyl^pKYtyhirtphibcKtui 
none. Daisy r Fieser t and Alimpiist synthesized it in LB39< Subse- 
fluently it was announced by Fcraliolz and Ansbiicher that S-mf-ilryl- 
tm phlhu(|uinone was as active or pc^rftdy mi m active than* vitamin 
Kt or vitamin K 1+ The tiiamj fact tire of vitamin K for u» in madldne 
b not great. Luf^r union til* of I he cheaper S-niethylnaphtbfHiuinimn 
are mzd. 

In u sttidy dating back to life!2 Eran* and hU colUbonilori have 
fotmd that a dietary conflituemt is iwcenry for normal repTodycLion 
of ntt» It wus found that wheal germ oil was » rich amire* of this 
factor which Ims been termed vita cum E ur locopheroL Ii wag pres- 
cut in other natural oils also. Concentrate of those oils were made 
and crystalline derivative*} of vitamin E, nr a-tocopherol ms it has 
become krmwn* w^re prepared, SiihH-queiitiy other tocopherol*— 
rtmudy, ft- anil f4ocophmob—mre found which differ from a toco- 
pherol in the number nf methyl groups contained nbniil the chmmane 
nucleus of the rnolucula. Tike structure of ^-tocopherol woa deter 
mined by Femhuli in our laboratory and ike synthesis was nmim- 
pUdied by Karrer in Switzerland, Todd in England, mA l^e L Smith 
of the University nf MiimeontQ in thb country* 

The importance of coopenitinii among fcoathmic laboratories, r&- 
«*ardi hurt itutvSj and industry, and rho need for a friendly under- 
standing by each of the needs* goals, and problems of the others 
cannot lie amphudzed eon much. The growth of modern industry is 
almost entirely dependent upon the great ndv^n-.^s in pure sebmm 
Induetzy too \m roittributed tnndi, It ha* made the findings of the 
pure srientiab available to society. Discoveries in pure scienre are 
apt Uj Iwcomit and remain rtniik front Ike point nf view of society 
nnless industry makes use of them in some way Example* of ilia 
great developments in industry based upon pore science are found in 
the great electrical industry which la eo largely bared upon iT*m- work 
nf Faraday and other great pure sdeiifists, or in the development of 
tbs dye industry which if; bnsed upon the work of the organic chain- 
Mfj| of this country inrl abrom^L This list could hr iricrcuised almost 
ttd infinitum. 
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Industry contribute* to pure science by financially suppuitiny 
rcs : iudi in universities and research, institutes* It bus made special 
chemicals, facilities for large-sciilc work, bioassvvs, and otlvvr tatpen* 
give analyses and assays available to academic workers. It is very 
important Lliat this work be continued, and it is very important too 
that if be continued to the mutual satis fee l iou of both the parries con¬ 
cerned. To attain this tt is essential tlrnt tiie two group.* understand 
what each is trying to achieve. The primary purposes of the aca¬ 
demic institutions, of course, are the training of youth and the expan¬ 
sion and extension uf moil’s mental liorinss. These piu'jxwei arc 
significant and important. The purpose and reason for the existence 
of the manufacturing industries are. of course, to manufacture end 
sell something that people want and need-in other words, to satisfy 
demands for some article or material. In doing this pate rite phij an 
extremely important role. Patent protection on & new process or 
product is often neces sa ry to obtain the money necesury for the 
equipment and facilities required to U-giu manufacture. Many writ¬ 
ers state that, the American patent system is responsible in no small 
measure for the remarkable development of American industry. 
However, the subject of patents is one all which the views of many 
uendauur. investigators and industrial research investigators and busi¬ 
ness men dliter widely. To achieve any real cooperation it is most 
important that both academic and industrial scientists achieve ns thor¬ 
ough an understanding ns possible of the purposes, Iwnefits, and 
limitations of our American patent system. 

In conclusion some general comments on the significance tsnd social 
value of this food accessory bi is i »?&■:, the m ami fact ure of synthetic 
vitamins, ntuy be of ictpri'si. Through Claude H. Wiekard, Secretary 
of the United States Department of Agriculture, the Government has 
issued a little pamphlet entitled , 'F*«x| Will Win the War and Write 
the Peace.* It states: 

FihOd )g ii wboUi nrmniQ] o£ w^npoEB In Oils dt ruggl*? fur bkOUttU fTfittlozn, n 
is tho driviDK farce fcnrtitnd 1ii*h protection by mttoJtkm wwfcers* umt inp-imrh 
|MirfoMiii!>^ iind fiirf>rsG morale ament wldto and wallont 

Somewhat in lhe wm* vein, liu&ell M. Wilder of liir Mayo Clinie 
and former chairman of the committee mi food and nutrition uf the 
National Research Council bus written: 

Famine bus nlwav^ uuntribeu-d to detail of armies an J Buftjdgattfic ot haIIhihl 
"Hils ta.au lung Uf n recftpifrget!, but |d ilie part it was mEBTiikDiiir thought that 
fumluti eonlit b*i [in'veuteri if cmly lJbr iuujtfj of food ^nffleodi Tbe nrwr-t 
kiiikwls^l^ tfiu3i«B ihnt iJi£ ntitrllivs qptttfr uf Hu* food* mjpplttd ia uf Hit? uiim*! 
Impart& jh‘c, . . , Culurlc i ii"rer i* needed, but m moio Hum ttiiu.li i'hm in 
focni , . . TIju new bnowledm 1 of nutrition bea tfmpiiASiasm] jmriiculsrEj the 
|iuportPilln> ifcf wtuii onefi wttre railed noceHtnj fnf.iDR, munrdr ^Ua and Tltm- 
in Enn, . . f VltamEtt de(tetand4« cvrtinfftttta the principal ^hiildeji tstlllg^^? 1 , ■ mjb- 
cl In lent tibnomUiltli^ wlilidi mdU In Eel), for ibo UHW pJirt. mill- 
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Tlus new industry in synthetic vitamins U making it possible to 
satisfy many of these •‘hidden luutgtvtt" and to improve the. nutrition 
mid well-being of our people. 

In com pari ng tlio contributions of the nutrition workers of the 
twentieth century with those of earlier workers in the nineteenth 
century, such as Pasteur and Lister, from whose work came a recog¬ 
nition of the bacterial origin of disease, we may conclude that the 
.soda] value of the present work in nutrition would appear to be as 
significant on that of the nineteenth-century investigators to whom 
mankind owes so much. 





1 CVNAY HAlft OF Bi_ACK Kai Due TO Pantothenic acid DEFICIENT PlETT 



J Pr^ .'^H|TMj QF 'FiofijL'iJM Due Tn A Vll AMlM B DEFICIENT DIET. 



y. Dermatitis of Chick due to pantot HE**it; Atm deficient Pirr 







THE NUTRITIONAL REQUIREMENTS OF MAN 1 


B;r C- A, Et-veiijtjh 
JJ rpui-fmrnf vf Uiwftcmuirjt 

t/niFlrtsi/^ &f VTiJttjFijm 


At Hip present time the nutritional requirements of man can be 
express'd in chemical terms (a a greater extent than ever before. 
However, we ns chemist* must recogniss* that there is more to adequate 
nutrition Own the mere combining of the known compounds into a 
diet and the calculation of the cost of these dietary constituent*, 
Owing to the fact that some of I he vitamins that wore formerly the 
costly part of our diet may now be purchased a), prices so low that they 
are difficult for us to comprehend, certain erroneous suggestions have 
been made concerning the cost of an average diet. It is true that one's 
yearly requirement of thiamin may now be purchased for about 50 
cent* and the nicotinic acid supply for aWiit 12 cents at wholesale 
prices. But we must net forget that the yearly supply of calories is 
still it significant item in our diet. Most of us ignore calories until 
times of stress Even in the last war one of tbo (nwtwt pnoldema ill 
many conn trios was an adequate supply of tola! food. If my calcula¬ 
tions are correct I find that it would be difficult to supply one’s yearly 
requirement for energy for much less than *15, and the cost of ade¬ 
quate protein would certainly exceed this value. Thus if we add up 
the cost of the individual components we get values considerably higher 
then “©me of the figures which have recently beau suggested bv certain 
Workers. It is impossible Even to estimate the cost of tlie unknown 
factors. 

I believe the safest program at tills timu to rajy upon the com¬ 
mon foods which we have been accustomed to eating rather titan at¬ 
tempting the production of cheap, synthetic substitutes. However, 
we should make every effort to improve the ijimlity of the foods 
that arc now making up the American dietary. In other words, wo 

tiiinre ejtU£*wliJ:m QQ Nutritions t RwEtiniftaii nml Pnf tffiratfon til 1 Fapb, PJU*l--fr 

Irf JLjHlfttltnrtt HJHI r«wl rn ntf ESInl-rqrlCfrnSlmr, A mortem* Society 

tfruUDA, BE. M&„ Ayr!) S, INI H?lrt1IaE«*l hj Irma 1 LudurlH jUI jeiS 

KhjjI upvt l ^it Ownnur, Vfll. 13, Juna UHL 
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must rcj*lirt- that plant and animal products as produced on the 
surface of this onrlii do not neoeassirily contain the individual 
nutrients In optimum concent ration for the human being. Wo must 
use wtnf ingenuity in compounding natural food materials into n 
complete diet Imp rove (went in the quality of certain food supplies 
will not only conserve' total quantity of food but will tend toward 
more optimum nutrition of nil indvidunls. 

Our problem today centers n round the restoration and fortified 
lion of foods. F should liko to mention in passing that tin* interest 
in this problem Is undoubtedly stimulated by our national defense 
program, bul we should also recognize that we have reached a stage 
iu our knowledge of nutrition which makes it pu^ibte for us to 
consider this problem. At Srrt nutrition worker recognised that 
certain foods were excellent sources of specific nut Hunt ?. These 
foods became known ns protective foods ntui we relied oil these spe¬ 
cific foods to a considerable extern for uur supply of rs-cmtisi! factors. 
When we recognized that inorganic sails were utilized an readily by 
the body as the mineral elements found in our natural food* and that 
-ynthi-tic vitamins could be produced ot -i fairly low coat, consider- 
able interest was shown in the u» of entireiif rates or capsules to aiip- 
ply some of the more im port ant nut rients. The value of these prep¬ 
arations in the clinical treatment, of deficiency disrates cannot bo 
denied, bit we must recognize that the administration of such con¬ 
centrated forma of nutrients should be only temporary in nature, 
Tf large groups of people are living on combiim lions of natural funds 
which do not supply the total requirement. the food supply should 
be modifier] or fortified. 

As the chemists showed greater interest it) them pnobtema, meth¬ 
ods of assay have improved so that we can nnnlyra our staple foods 
for their vitamin content, Tht^ 1 foods are nnt devoid of vitamins, 
as many would have us believe, hut show a low content on the per¬ 
centage basis, If we multiply the amount present by the total 
weight of thn food consumed daily wo find that the result may be 
un appreciable part of the entire requirement. I am sure that in 
the future we will look Swick upon this work as nnt of the most im¬ 
portant periods in nutritional re,search. 

It is obvious that values for tins distribution of nutrients in foods 
are not of much use until we know the requirement for each of these 
nutrient*. If we had all these values available it would not be very 
difficult for the dietitian to handle, the food supply so as to give us 
adequate nutrition through lie use of pleasing fowls. 

The establishment of nutritional requirements hits also hud » 
rather interesting history, Ida few cases the actual requirement has 
been studied on human beings. Thus wo have a considerable number 
of data for die energy requirement of human beings of different ages. 
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The data on the protein requirement are jwiiinwhat limited, although 
Lhore is today fairly general agreement *mot|g inanj* workers ae to 
Uits constituent of our diet. Than have been ft few studies on 
the requirements for calcium, phosphorus, find iron. In the fiww of 
many of the vitamins, the data have bean obtained through animal 
experiments slid generally (hhd work that was not initiated to an* 
riwer this particular quest inn. I am afraid tbit many of us have 
been guilty of concluding from our animal experiments thm a vita- 
min is needed fit a certain level and then for good measure we sug¬ 
gest that the daily human requirement would ln> 60 percent greater 
than the value found. 

This method may be quite satisfactory in order to establish a car- 
mil, degree of safety. However, if wo were to do this in fill oitr 
.■alculadooa, I am afraid we would soon pile up a considerable «tccss. 
For example, if wo wore making an automobile trip of 200 miles 
each day and our rut required one gallon of gns for 20 miles, the 
first day we would then need 10 gallon.-, but for safety’s sako we 
would put in 16. If we did that each day we would soon find that 
our gasoline tank was overflowing, 

Tlie following figures may be used as a guide fur Hie daily re¬ 
quirement of Urn bettor-known nutrients. These values will, of 
course, vary depending upon the ogfl of Hie individual and whether 
there are certain increased requirements eu peri ni posed upon the or* 
dinary requirements. These problems are largely physiological and 
I will not go into them here. The figures given in table 1 are those 
recognized far the average male adult. T should like to discuss very 
briefly how these values have been obtained, their limitations, and 
how tho chemist con ftid in establishing more satisfactory values. 

TaBOE t —A *1<M»/iw r€<prif*»t*ni »! th WtwJsiOWii nLiJnefll* 

IVeUsin_-_*- - 70 gf*mis, 

Cfildam...... 0-7 K™*- 

rren...__ _____l3m(E. 

Vitamin A____ ...... f000-& t W0 t, U. 

Vitamin Bi. __... . —- t.i-2.0 mg. 

Vitamin C__ BO-75 ma- 

Kibofiavia--— - 2-3 ma, 

Xleottnic neld.- Ifl-lfi 

yii nfnln |l T-. . __,___. 100 !■ TJ» 

IL ia, perhaps^ imnflceesair to my rmich about Tho en&rgy f>r flic 
protein recjtiitxuTMFiit^v In spite. of the extensive values for die 
railnrk neqiiirmu-nte of human beings tintler different conditions 
littJo itteatkm has been given U* the effect of Hie external environ¬ 
ment on the colqria intake. Mills and Calvin (I) have recently 
sliown that excessive external lemporatarca may reduco the intake 
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of <*lories to the point that sufficient food b nut consumed to sup¬ 
ply the iionnai vitamin iMjinrmniit. Wt stilt speak oi the protein 
requiraneni in total grant? of proloin in tb<? diet, while actually it 
is jio< the protein requirement that we are htetttted in, but the 
amino nr hi requirement, Stone day we may be able to suite the 
actual amino acid requirement anil obtain value? for the amino iicid 
eon tent of nit our food supplies. At present this may seem rery 
IjflVuJt, hm the analysis of food materia!? for viumiaa A, B,, nod 
C also appeared very iliflicuJl. m four years ago, The value of TO 
grams of protein per day for an adult man is probably a safe figure 
provided we specify tliat the protein fdmuM lw derived from a va¬ 
riety of source* and a good port uf it front animal tissues. 

No definite figures Imv, been established fur the fnt content of 
human dietaries. It is generally concluded that fat must he a eon- 
at intent of the normal diet and that it isr well to use liberal amounts 
to supply the f hi- soluble vitamins. The latter suggemitm is not 
absolutely r-iie;j Linl siueu w« can non gd wuee titrate?, of the* vita, 
mins: however, 'f» importance of fnt ti - a »uureo of IbioU-ie acid 
must lw com-idi-reth Then 1 ]» n« question obmil the production of 
liimleir arid deficiency in rats on fat-low diets but few Indies hove 
been undn wjth other spet-in,*, Tltero 5* sum* difference of opinion 
ronoerning the lmportanr'c of linnleic acid in the human dietary. A 
high intake of linofoic acn.1 containing fuL> has teieii used in the 
treatment uf eelhum; and Brown, Hansen, Burr, and McQuarrie (It) 
found a decruaau in the ninotmt of iinolcic avid and arncbuJonu: icid 
irt the serum of an adult man subsisting fur® mouth? on a diet <-s- 
tremely low in fat. 'On 1 individual exhibited no other evidence of 
dines;*. Wo have found in our luboratory that rate maintained on 
mineralized sfeim milk fortified with minerals and the fat-soluble 
vitamins grow better when the skim milk is supplemented with butter 
frit i him when vegetable oils an* used. The active sulistanee is inv¬ 
ent in the fatty acid fraction of the butter fni. 

Il is aba well known that fat he? a spa ring effect mi vitamin B|. 
The general dremu* in (he fat content of American dietaries lum 
tbua tended to aggravate the vitamin B» deficiency brought about by 
llus u c c of refined food*. 

Calcium IngjriiHy head? the list of mineral elements of significance 
in uufritimi dfiro there is more calcium in the human body [lion any 
nr her tninemi element. The value gmcrnlh uccepled t-r ■ lrt.% m- an 
adequate level ib O.T to l>.8 gm. per day. We muM first recoguirr 
ih:iT this calcium requirement bolds only when the diet contains 
an adequate supply of vitamin I). The C:i:P ratio is also n factor 
tliat needs, definite «m«da»tion. We still find in certain textbooks 
thH' Lite optimum C*:P ratio i* 2;L. This is obvious!v incorrect 
smcis in ail of our work we bare; found the ratio to approach I_2:L 
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Experiment with Jogs indicate tlusi when the C*:l’ rwtl« (s 2:1, 
it is impossible to gH nurmsil calcification ewn with tunin'nontts 
(los-s of vitamin D. Sherman (mil co WOT kOT |3) huvo Terentiy re- 
potte'd BOtnfl improvement ill Llio. nulrii hmtd well-being of rcii - by 
increasing the calcium intake from 0.2 pcrtont lo 0J3S percent <>r 
even to O.B percent of iht* Set. The pliwpharus rwpiirwwat is 
generally ttssumed to bo a iittlo biglier than tin- calcium 
TUls may appear contradictory in the light of a calcium phosphorus 
ratio of lit to I; hoW6For t the higher value may he advantageous 
hecau.M' -ouie of the mganic phosphorus may nut be completely avuil 
abliv Tin* phosphorus in pliyllc rnfid is now known (4) to be nvail- 
n hU* T hut U is Iks iffidsuu fur bone production than other toimccs 
of phosphorus. 

The daily imn requirement is rather well established although 
the exact figure bus varied between 12 atul l& mg, per day, Final 
wo must recognize that the iron is of no value in (he body unh**i- :t 
is accompanied by coy par which functions is the conversion of iron 
into hemoglobin. In addition tho iron must be in an nvnilablR form. 
Extensive studies have been mode on the available iron content of 
foods, and the values obtained by elwroical methods check fairly well 
with those tibmined through Uv haling Kperiments with rats. 
However, we still do not know whet her tiie availability as measured 
in ruts ia similar to that which wu may find in the human living. 
Much has been aaid sImiue the miutive value of ferric ami ferrous 
iron, Tht* problem lias reomily been Iborouglily studied by Tump- 
sett {5)* Fernxu iron appears to he the only form to be absorbed 
from the alimentary tract- Tha ferric iron consumed is reduced in 
the stomach and this reduction is brought about by sultan m>ft which 
are common constituents nf the diet. Tli« diet may also contain 
substances which tend to f>xidi7<' the feiwus iruti in die ferris - dan*'. 
Tin? phosph*tides of egg y<dk api*ear tv be one group of subMaiieftf 

which inhibit the absorption of iron through the ... (he 

ferrous iron, TompseW states that it ia difficult to give a ddinito 
value for iron l*vaun the ilegm* of iron absorption is dependent on 
aomany factor*. The value of 12-15 mg. per day is probably liberal 
enough to compensate for the iron present in the food in funna that 
cannot be utilized. The daily cupper requirement is probably about 
2 mg. per day and practically ail forms of copper show equal 
availability. 

No requirements have been set up for die remaining jo- railed 
Irene dements wA perhaps rightly bo, rimer we haw no specific 
value? available. But wo must recognize shat elements sneh as 
manganese, 7111 c, anil cobalt are important in the diet, and perhaps 
values for these additional mineral* may soon be available. 
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Must of (he work ub iodine requirements inis been done directly 
on human beings. One reason for this k undoubtedly duo to the 
fnitt that it is difficult to produce an iodine deficiency in esiwrimautid 
imimnjfi nhlumgli many farm animals in (lie goiter region suffer from 
iodine deficiency. Balance studies (6) show that 'iff to lot) micro- 
grams of iodine per tiny may 1m sufficient. Tlte value generally given 
is £ micro gin ms per kilogram of body weight. There is ,i tuple evi¬ 
dence that these small requirements may not lie met by foods and 
drinking water. In order to meet this difficulty the fortification 
of salt was started in this country over 15 years ago. This wo* ibft 
first fortification program in Chi* country. Sufficient Xul or KI 
it milled to maintain the iodine con lent of salt at 0.015 percent. 

Turning then to a discussion of the vitamins we lind even more 
conflicting dma. Tim main difficulty encountered b that there am 
several different chemical compounds which may have similar phys¬ 
iological effects. Tot the quantitative activity of these different, 
com pound.: varies to a consi durable intent. In the case of vitamin 
A our fond* contain both tint cbutskal vitamin A and carotene, as well 
ns other rein led eaNiU'noicJs. A value of l. IT. I ms ken sug¬ 
gested on the bush that (,ha average diet supplies one-third of the 
total activity in the fom nf vitamin A and two-thirds in the form 
of carotene, Two thousand I. U. of vitamin A us such will un¬ 
doubtedly meet the daily needs. Some day it may he advisable lo set 
specific standards for the carotene requirement mid the vitamin A re¬ 
quirement anil to express the distribution of both these cutupuumls 
in our foul materials. The absorption of vitamin A from the in* 
tcatinal tract is definitely related to the fat content of our diet and the 
actual requirement may differ drastically depending upon the pr'eanctf 
of other materials in the diet, 

Thu vitamin D requirement. as I how mentioned, is dependent 
upon the total calcium anti phosphorus intake ns wall ns the calcium 
ami phosphorus niLio and may differ considerably h-pcndlng upon 
whether the did contains ample quantities of milk or whether the 
diet is low in this food. Apparently the different forms of vitamin 
D do not vary .sufficiently to nuLke this a problem in human studies. 
I believe we are safe in accepting a value <>f HXi T. P. per day. 

No requirements have botn stated for vitamins K or E beenuse so 
little information is available. Under normal conditions there is 
sufficient synthesis of vitamin K in the intestinal tract to meet tint 
requirement. However, any change in the intestinal flora might hri tig 
about u definite Increase in the need for preformed vitamin K in the 
diet. 

The vitamin C reeiuiremutit is rather definitely established hecauae 
the chemist Libs Ih j >-h able to determine this factor rather simply not 
only in foods but a!so in the blood stream. Several groups of workers 
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liqvH shown tlicit 70 mg, per day will maintain the vitamin C content 
»f the blow! st high ierels. 'flu* important question in tins cute is 
whether we should supply sufficient vitamin 0 to produce complete 
saturation of Ui« blood ?tre H m, or whether optimum health can be 

maintained at lower levels of saturation. a 

At the present time thefts appears to be greater interest in tlm vita¬ 
min Ii t requirement than any of the other vitamin*. Tins is per* 
Imps due to the fact that it is practically imptXttibk to study the 
vitamin B, content of the blood and we must resort largely to balance 
studies. Many of Ilia balance studies have been conducted for shon 
periods of time-* and such studies may give results considerably higher 
than tlioai obtained over a long period of time. Another factor which 
perhaps enters into this problem is the fact that the vitAmin Hi re¬ 
quirement is definitely reduced by a high fat diet. Recent studies 
at the Banting Institute have suggested that high-tot diets may 
eliminate all symptoms of Bl deficiency except those changes taking 
place in the heart. If this is true, we should perhufis recommend 
the high level of B, intake regardless of what the fat content of the 
dm i s ; A level of 1.5 lo S nig. per day should supply an mleqnate 
intake fur most imUvidualft. In dudies conducted bv Williams, Ma¬ 
son, Wilder and Smith (7> it was found that about 1 tng. prevented 
symptoms but higher level- gave t* high degree of well-being, 

The very recent work on human beings (8) Bccm:* to establish rather 
definitely that the riboflavin content is 3 mg. jwr flay. These riudii** 
wciv conducted on human beings receiving avcraiEm d«te. hut again, 
changing tin* fat and carbohydrate ratio may niter the riboflavin re¬ 
quirement. We him* recently shown in our laboratory that when the 
fat content of the diet is increased we find a considerable increase in 
the riboflavin requirement. This we interpret in « preliminary way 
as being caused by a cluuige in tile bacterial flora. That is, under nor¬ 
mal conditions there may l* n certain degree «»f riboflavin synthesis 
in the intestinal tract and we aft- merely measuring the riboflavin re¬ 
quired above this syntlieris. If there are sudden changes in Lhe in¬ 
testinal flora, the entire riboflavin requirement may have to In? supplied 

through the diet. < _ 

It would appear 'hat the nicotinic arid rapnowit might he es¬ 
tablished very easily since nicotinic acid is such & simple chemical 
compound. Tremendous difficulties have been encountered in at¬ 
tempting tf> determine the nicotinic acid i-nulciit of foods or to tmas- 
ure the nicotinic acid excreted in the urine. Two recent ih.-> dop- 
ments, I 1>elieve, will be of considerable value in establishing the- 
nicotinic acid requirement. One is that we tire now able to feed 
dog? on a highly synthetic diet containing no nicotinic arid and from 
the*e studies it" would appear Lhat the daily requirement for main¬ 
tenance is about 0, as mg. per Mlo and the requirement for growth 
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is about 0.5 mg. per kilo. Using litcsc values then, it would appear 
■bnl the nicotinic nt-ii] requirement of a human Iwing is at least 
W mg. jwr day, Bade ri illogical methods hare also recently been 
dtiTtlopeil for nicol inie acid determination and these procedures give 
accurate results, Ily calculating the nicotinic acid content of an 
average diet it would appear that it contains 15 to i»0 mg, pt>r daily 
portion. As far as we know, there are no fsu-iora in the average diet 
which tend to altar the nicotinic add requirement, although in- 
W'wmI fxeiri.-L‘ may have a definite effect on the requirement of 
this factor. 

1 bp greatest limitation in the a hove; figures is the lack of rccogni* 
linn of lbs less-known vitamins. Certainly the vitamin B» require- 
tueijil of a hitman Wing may be us impurtnui as any of the other 
B ritaming \et we huve no way of siting a njiecifit' figure at the 
pretwnt tuna. AVe can only maki* a ruugh nsMimplion that the vita¬ 
min li„ requirement is in t In* mm- order nf magnitude a--, vitamin B,. 

Pantothenic add t* undoubtedly required by the human being, but 
at the present lime we Cannot *h-cr give quantitative figures- for the 
requirement of pantothenic acid in animal* Again the pantothenic 
add apjammly affects the requirement of AQItte of the l lTitfT inirn 
TnpinWre of the B complex in the animal; whether pantothenic acid 
has a similar effect in human being? needs further study. 

Another factor which Las received a great deal of attention in 
animal work during the part year or two a choline. The serious 
ilifficidtits that an animal encounter* whan dicta low in choline are 
uflctl certainly BUggcrt that studios on the importance of choline in 
the human dietary should he made. Here again we have an example 
of how tJw variation in the amino acid content of our diet may 
affect the choline requirement sin re a high methionine intake tends 
to decreoi* the chcdino requmanual and * high cystine intake tends 
to inrrostsft the clioUm* requirement H 

VTc must, of course recognise that much of our information re- 
gareling the human requirements has enm* from an j mil | experiments. 
In fact if wc liu} nut relied upon fruitful] work we would mt h*v* 
much information at Uus present time. But if wu use the rreulta 
fr.rni animals ire must realise tJmt there is great variation in the 
requirement* of different specie* Tlus was fire* recognised, of 
-‘oure^ in tlM case of vitamin C wl*H rats failed la require vita- 
min C white the human being, monkey, and guinea pig did. We 

!“! 7 * 5 !^ “<* dterepsodea The most interest- 

, ^ L] K ^ wliiion in the nicotinic acid requirement in dif¬ 
fer t “****«» ^ mt n ™i && 

f lor preformed, white the dog i« very sensitive to « J ac g „f njg 

factor. Apparently th* human being and the dug are very similar 
m their requirement* for nicotinic arid. We are now finding that 
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the ruminant can get along m diets practically devoid of the vita¬ 
min Ii complex tacftiUK- all these factor art sjmihe&ired by the bac¬ 
teria tn the rumen. Recant work indicates that tins rat out ayn- 
thegizo some of the unknown me loiter* of tint B complex and that 
high levels of pantothenic acid apparently favor this synthesis. 

Xf wo turn to ths guinea pig we find quite different reaiilis than 
those obtained with other animals. A young guinea pig fails to grow 
normally and dies in a few weeks when fed purified diets Upon which 
rate and dugs may grow very well. We Imre found that these animals 
will grow if w« supplement the purified diet with dried grass, yeast „ 
and fresh milk. Chicks aU> require additional amino adds a ml cer¬ 
tain factors fmm yeast before they will develop normally un synthetic 
dicta. How these facts relate to huxnttu nutrition is not known, hut. 
these results do suggest the importance of additional work. These 
problems require ail the ingenuity that chemist* can contribute. 

In conclusion then, we may agree that, the nutritional requirements 
of mini can bo expressed In quantitative terms to a very extensive de¬ 
gree. These values are of great importance in constructing adequate 
diets provided we still ■ibtuin a considerable proportion of the nutrient 
from natural foods. The safe*! program for the future involves the 
improvement of natural and processed foods through restoration and 
fortification. Thus recent criticisms leveled nt the fortification pro¬ 
gram arc invalid because we are not adding enriched foods to synthetic 
diets hut to diets that Are already fairly adequate. The fortification 
of foods like bread merely brings the diet from a borderfii!i> wtott 1 of 
adequacy to an optimum and efficient state. Wo may not hare all the 
knowledge for optimum fortification hut as long os the use of nsture! 
foods is continued, the danger of imbalance is greatly reduced. 
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PAST AND PRESENT STATUS OF THE MARINE MAMMALS 
OF SOUTH AMEBIC A AND THE WEST INDIES' 


By Jioifimtmf Kni/wta 

Otorotof* DiirfH^n 0 / Ufimmah, 17. & NatiQml 


Change.- in the rimrc lines of lhf> South American continent re* 
suiting from the aubmej^nw and subsequent elevation of itmn 
of varying extern at different times during thut portion of the gen- 
logic post known as tin' Tertiary period, provide u oticooe^ion of sedi- 
ztamhiriry formations from which have come an essential part of the 
factual evidence employed by paleontologist is- recou.4trucd»g the 
history of ihe maiirntnls during tills period of the earth** history. 
Some of sedimentary strata, when rxaniined driticnlly, an 

found to he ancient benches, estuariea. ami river deltas, and. wluit is 
more important, to contain hones belonging to extinct types of 
marine mamma ls. By rnflans of these fossil remains the genealogical 
history of gome of these marine mammals can be traced with seine 
degree of accuracy from the time Lhny make their appearance down 
to the present* 

The imrtory of die sea com or skemsrts in the Western Hemisphere 
begins with a sicvniiin {Prtyrat&rmw* tirmoidw) of uncertain relu 
tionships T probably ns old geologically as any of die known Middle 
Eocene siren sans of Africa and Europe, which was found prior to 
1855 in a calcareous sandstone nodule in the lied of a Jamaican 
River. During the succeeding interval of geologic time, the OUgo- 
pBtlft, a later type of sea cow {ffatilherium} frr-quelited the Carib¬ 
bean Sea t the remains of one individual having been found in Puerto 
Rico, 

No cetaceans of Ollgccene age arc known to occur either in thi? 
West Indies or in South America. A rather varied aeawnblaga docs 
tmh* its appearance however, in the Lower Miocene Patagonian 
marine formation of Argentina. This formation hm yielded two 
dhtifid kinds of shark-toothed porpoises a ziphioid beaked whale, 
a mi her dubious relative of die ini id river parfiatsvs a loiig-suoiited 

* Jt^pilQ |«J hj ^nAlferittA, with rfibn£r f \t litlo ind Cftfrnffh* from rircoMltiti 

th* Cl-h!li Venfl*** fidiiUllli! i/anm***, roL S F 1012. 

mi 
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porpoise unlike juty firing memlier of this group, two different 
kinds of sperm whiles, iuid three kinds of whnlulKPiic whales. One 
of these whalebone whalre {Motvnocttug parent) is the oldest geo- 
logically of *11 known number© of the family of right Tvhil&r f Bnlac- 
ni.ke). The other two represent oetothares, the precursors of the 
living furrow-(limitted whalebone whales. 

M«iil<er>. of the family nf river porpoises ) IniitW) ranged north 
tvarifl in tlie Atlantic Ocean to Chesapeake Buy and in the Pacific 
Ocean to S»n Francisco Bay during the Miocene. The J»tc Miocene 
or early Pliocene Pfeo Enireriatio exposed along the river bunks in 
ihft vicinity of PanuiA, Argentina, ha? fumidud at ferv-t five kinds 
of extinct ini id river porjiniis,', From these were derived a number 
of sntrereding ty|«s. in tlio coarse of geologic time most nf these 
*?!** of ancient iniid porpobe* disappeared. leaving only two sur¬ 
vivors. the white flag porpoare in Tung Ting Lak.-, Hunan Province, 
diimi, and the bouto in ihe Amazon and its tributaries. 

Evidence h still lacking in regard to the main detail? of the ffevel- 
opimntaJ history of tin* pinnipeds. Nwerthclcs, u is now certain 
dial at least nnr relative <d the Itercnt hair seals (Pritmoditpku 
tWftfeti) was included in this late Miocene or early Pliocene fauna. 

Hen iu i n ft of whalebone whale* have been found in rocks of Pliocenc 
ng<- near Coquimlw, Chile, and also on the plums eaat of the port of 
Lomas, Pent. 

Ear bone? and other mkt%Il*ft«na skeletal elements representing 
otto or more kinds of extinct whalebone whales hay© been found in 
the Pleatoctnv Pariijn*mi formation of Argentina, In contemporary 
deposit* at Olivos in the Province of Buenos Aires, Argentina, a 
relative of the sou them ?ca lion whs obtained. In the more recent 
deposits of Argentina, bones representing a cli*» relative of this 
sea lion seem to occur more frequently, 

SRAUNta IK TOT! SOCTHERK HHHisnifft ny 

We now come to the period when man hr liis interference roilically 
changed the original uopoct of the existing marine fauna, We ©re 
“ tortu y with problems associated with the marketing 

* ,f WMBaMatag surpluses of cereals and livestock products Unit 
few of us appreciate the situation confronting early colonists in 
the Sew World. Eats and oils were in constant demand and the 
colon ists were obliged (o utilize a 11 uva i I id d© resources. Consequently, 
bison wore slaughtered for tallow, while nit suitable for burning in 
lamps was renclily obtainerj from seals, porpoises, mad wJuiIh, IJn- 
prodiicbYft soil, the oWnoa of rcnutnorai ivn ampIoymeM hi t h? 
ity of tho retilcments, and tile increasing demand for oils n nd fat* 
made staling mid whaling an attractive occupation for residents .if 
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many coast villages. The reckless manner in which these marine 
resources were exploited, however, am hardly be witnessed again 
since these animal? nn longer exist in considerable numbers in most of 
the oceanic areas where they were slaughtered during the pa*t three 
centuries. 

WEST IN WAN ftW.AT. 

One of the Grit animals in the New World to bear the brunt of 
man’s destructive proclivities was the West Indian seal {Mdn&ektot 
tropicaU*). If is recorded that Columbus (Kerr, 1811, vuL 3, pp. 
124, 327J inward the eild of August 145*4, white cruising among the 
West Indian islands in search of n pas-age i<> the mythical province of 
Cipingo. lost sight of the other vessels of Ins flotilla, and anchored 
off the south coast of Haiti. Sailor;, were sent to riitnb the rocky 
islet of Alia Viete and to scan the horizon for (he unsung Teasels. 
On descending from these rocks tho sailors came on a number of 
seals asleep on the Sands and killed eight of them. In such a manner, 
the seals of lbs X«w World te'canm acquainted with the civilized 
white race. 

Spaniards from Yucalan and Englishmen from Jamaica ht-fme. 
1*575 (Dampier, 1705, toL 2, pi. 2, pp. 26-27) sailed to lit* Scorpion 
Islands north of Yucatan for the express purpose of killing these 
seals for their oil Sir Hons Sloaue, who visited the Bahamas in 
1667-68, was lold that West Indian seals wars so numerous oti those 
islands that Bohannon took aa many as a hundred in one iiighl. Rv 
1843, hewtTtr, this seal eeunas to have been restricted to the Pedro 
Kej> nil the south coast uf Jamaica (Lucas, 1601, p. 610), to tint 
Anina Islands lying between the late of Pint's and ViKttia {J. A. 
Allen, 1380, p. 721), and off the northern const of Yucatan to the low 
sand spite surrounded by coral reefs known us the Triangle Keys. 
Large numbers of these seals were killed on Triangle Keys before 
1856 (Lucas, 13111, p. GIG). As late as 1000, however, u small colony 
of not over 75 wj*h found by E- A. Goldman to exist on these keys. 
The present status of the West Indian seal is unknown. 

SOimtEEN SEA LION 

Seals in the Southern Hemisphere, however, wens uni uccuititited 
an article of commerce until the leading seafaring tuitions of the 
world began the acti ve exploration of the coasts of South America. It 
was nut nniil ihcse early navigators hud sailed southward alnng die 
const beyond the present boumlaries of Rrnr.il that the soul hern sea 
lions (Otarict jtareicen*) were discovered, These animals congregate 
during the shin them summer on their breeding grounds which are to 
rated along the coasts of South America must.Iy south of tbo La Plata 
Hirer on the Ait antic side and as far north us northern Peru on the 
Pacific side, as well as on the Falkland and Galapagos Ldsnds. 
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MflgclJflh in (Mobor 1S20 recorded their presence in tlu* Magellan 
Straits. Subsequent navigators ware aceuatnmed to provision their 
vessels it it It i#*a lion nivnt ant] to replenish their nit supply from the 
Muhtar of this large seat. Tho expedition led by Simon do Alcaznlm, 
for instance, in 1535 look two or throe Uumired sea Umm on an 
island off ilie coast of Ckubut, Patagonia. Similarly, Sir Francis 
Drake in 1577 provisioned bis vtestsln with mi me SCMi «a lion^ killoJ 
fll Port Desire, Patagonia, 

Although failure on stih-iqtiimi. voyages frequently on lint hogsheads 
of ayi Ihm meat for provisions, ii was rmt until late in the eighteenth 
century that rha traffic in sea Hon skins assumed any snacked prepor- 
tions. Accurate figures of the catch during tiusv years are, however, 
not available. Nevertheless, sumo idea of the extent of the tr i-L- in 
those skins may lw gained from the fact that at least 52J)0t) wa 
lion skins taken in 1*21-22 by the Hhorr crevva of the American 
brigs Ahibutntt and /Vr«7rH<*A; on the inland; i>f Mocha and fit. Mar vs 
off the coast of Chile (Balch, 1(W. p, 481}- 

3fot even tiie colonies on the GuUpagus Islands escaped front tin) 
general slaughter. In 1815—10. the crew of the ship Volunteer of 
WWW York loaded the skins of 2,000 sea lluus and 8,0)0 fur seals that 
had been killed mi these island* by the ahipY shore crow (Fanning, 
10*24. pp. 287-288). The hides of sea lions were und by the harness 
and trunk makers of New England. 'Hie demand for these hides, 
however, was not so great u u> cause the near extermination of tile 
southern sea lion. 

Sealers :it 0 still taking sea lions on the South Falkland Islands, but 
in accordant* with regulations provided by a Ucenat- system. Tta 
take on these islands in 1030 amounted to -tjien sc-i limn;,* (Hamilton, 
lD3i t p, 313). Two companies iicimsod bv the Peruvian Government 
are reported tu take from 75,00fl to $0,000 t*>a lion skins annually from 
the rookeries located along the roast of Peru. 

BOCTTIEBTi rfJCP tTAX y HE4 |j 

At I ho and of the eighteenth century, elephant wain wore present 
\a oHiutlen thousand* on many of rite islands off the southern e*- 
inutiity of South America. particularly along the Patagonian coast. 
Tier re del Fuego and southern Chile, as well ns on Juan FeruAmle*, 
the Falkland I-Innds, the Southern Shetland ami South Orkney la* 
lends, and South Georgia, 

Tin- records show tlmL as early as 1774 vessels bum Now York 
end Nantucket were outfitted nut only for whaling but *!«■ for sealing 
cm tbo South Folklomlo. Hie abundance of elephant seals and the 
1 urrenl liuimiid for oil lijd almost at unco to the indiscriminate 
slaughter of three huge seals. By 1800, tlio southern elephant seal 
fishery had readied otaaidersbls proportions. Gangs of men with 
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limitAKl provisions tin (I huge 280-gttHon trying pofs were put ashore 
in shall u]ifi ut accessible beaches fix mi son ting vessels anchored in safe 
harbors. Partial olid noniiHinio. full rargow of elephant seal nil 
wore dripped to ports in the Olil and the Mew World!?, 

Fmn 1799 to 1818, willing whcIp from Kan tucket ami New Bed- 
ford were bringing back rirplittnt ,-cnl oil from Piititgnnia and Staten 
Island, Similarly, many vessels sailed from Now Loudon, Conn*, 
for the Falkland Islands and South Georgia, 

The ak'iiw of nccntik records of the catch made by vessels engaged 
in Lida business makes iL impossible to cs titrate1 h«* number of eh pliunt 
seals killed on southern rookeries. Some seders held thut an average 
of 3 barrels (94.5 gallons) of oil was obtained from an adult elephant 
seal, bill lw.ith young and adults were killed. The cargo of 1 ,Whi harrcls 
of oil brought back to SUmingtun, Conn., by the schooner Fnt* Gift 
in April 1622 represented a kill of nt least 500 elephant scab, assuming 
that all wore adults. Weddell in 1821 recorded that 20,000 tons of 
elephant sod oil, representing the death of at least 62,000 animals, 
hud been shipped to London alone from Son ill Georgia. 

So oblivious were these elephant scab to the killing tlrnt was going 
tm nround tln-m and so indiscriminately were the young and old 
slaughtered, that in a comparatively f<*w years they were exterminated 
or reduced to a mere remnant along alt tin- const*? uud un the inlands 
that had once lteen their refuge. Kbphont teals disappeared suc¬ 
cessively fmm the Falkland*. .loan Fennunbr, South Shetlanils, South 
Orkneys, South Georgia and the const of South America. 

During the first quarter of the nineteenth Mutiny, elephant seal 
hunting was carried on chiefly by those engaged jn fur waling, hut 
after the fur seals hud been killed off noma wulerg continued their occu¬ 
pation of killing the elephant wul and boiling out the oil. The dk- 
oovery of the Pennsylvania oil ficUU in I860 brought a cheap illiuni- 
nant on the market mid gave the sou them elephant seal some respite 
from the hunter. Nevertheless, at South Georgia, particularly,, so 
many elephant stab were killed thut they were practically extinct 
there by 1685. 

Discouraged by the general scarcity of olephanl scab ami by in¬ 
ability to compete with the low production costs of petroleum products, 
southern sealing was largely abandoned before die dime of the nine¬ 
teenth century. With the revival of whaling in Antarctic aeas, the 
Government of the Falkland Island Dependencies Ugan in 1010 to 
issue licenses for the faking of eleplumt seals, These regulations 
seem to have obtained the desired result since Mntthcws in 1027 (1020, 
p. 216) estimated tha! iheta were at least 100,000 elephant egab on 
the South Georgia beaches. 
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sounmts run seal, 

The first cargo of seal skins and wlmlu oil sported from the Falk* 
land Island* ww curried by BmigainFillers hbip, tho in IT66 

(Bojwii, 1024* p. 2i&)* Although tin: history of southern sealing 
during the eusuingd*^ ade is not v«y wall known, there are jndicnfimut 
that &mm whalers took semi* as w*dl ua whales at the Falkland Islands. 

Whan Port Egmont was cvacuated by The British garrison in May 
1774, 10 American waling and whaling ve&acla wen j anchored in the 
Falkland Isliiids (Boy-son, 1024, p* 2301. Fur ^als wen? present in 
sflch numbers on one of the- siiuiJW Falkland Island* that right or 
nine htindnd of them w«r killed on one day (DalcympK 1775, pre 
face p, 6)* The beaches of Snundm Mind wen? reported by n 
French scrier in 1778 to hare been lined with fur seals and elephant, 
seals (Boy^on, 11*24, p, 235), 

British mien did not begin taking fur seals on these southern rook- 
(ties until the beginning of the American Itevoluiaunary Wfir, but wrio 
actively engaged bt this fbhory for at leeutf. 50 years theteafter, Shortly 
nfirr the signing of the general p*atce ifeiuy bvtwccu Gn-al Britain 
nnd the United States on SrptemU-i- 3, I7&% the ship -ntlcd 

from Boston for Thr Falkland Islands and mi arrival there anchored 
in States Harbor. For two years rfn-rr rnrwa from this ship were 
engnpri in taking skins of fur seal* and sea lions, and in boiling 
nqt elephant seal oil, Thirteen thousand of the fur seal skins taken 
on this crutM' ware landed in New York and tlien shipj^d to China 
i Clark, 1S-S7, p* 4U0)_ Subsequently, a number uf ve-rria were out¬ 
fitted in Now England ports for tins cnmratrdil rnterpriae. Among 
tliM? were from New York and Button, «me of which, the brig 

Bat rrjtt retunled to New York From fin Falkland Minds in June 17&3 
with m full carpj of fur oga! akin* (Fanning* 1324, p. 13). Fanning 
in 1737 ( 19E4, p. IB1) found the rocks at the nortiiuafft head of Beau- 
chon-B Island litendly covered with fur petals. By 1 Hl% however, fur 
seals had become scarce on all the larger Falkland Mauds, but wuro 
-till pre.wni in rtiaridcraMe numbers on Steeple J.i*-oii Is!and (Boy- 
son, 1024. pp. 88,23ft). 

Then? adventure ns nailed boldly in their small repots to Sooth 
Georgia, some 1220Q mites cast of Cape Horn, whore fur scaling was 
conducted with the ^me total disrcgarrl of the biologicnJ factors 
involved in the perpetuation nf the stocks of seals. In the fall of 
1800* 17 vessels arrived at South Georgia* and during the. ensuing sum¬ 
mer tho shore crews bnj^l by Ltuso vessels killed 112,000 fur aeala 
tFannine* 1024, p, 218). The corvette Afptutui of Now York alone 
brought back 57,000 fur seal drill*. Jam*?- Wtriddl in 1823 (IfrZb 
pp, 88-W) calculated tint no less than 1,200,000 fur seals had been 
taken at South Georgia since 1775. The records for South Georgia 
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show that 1.450 fur seals were taken in 1574, “great numbers^ in 18ii 
(H. T. Allen. 19B0, p. 10S), and 1T0 in 1906 (Matthew*, 1620, [>. SW). 
These catches seem to have resulted in the final destruction of the 
South Georgiti fur seal herd, although two were seen on Willis Island 
in 1927 (Matthew*, 1020. p, 255). 

So merciless was the slaughter nf fur seals on the Falkland I-land 
roukerics by a constantly increasing number of vessels and so keen wus 
the race to reach uoexploked beaches that British and American 
sealers were continually searching lor new tailing grounds, 

{jfuli , i 5 nuturully wen; reticent regarding their findings, ami in some 
instances several years dapped before the news of their discoveries 
leaked out. Such seems to be the case v, si II the South Shetland 
rookeries, located about 40U miles ^ouLheasi of Cape Horn. Uncon¬ 
firmed reports liuvu circulated for nearly a century (list American 
sealers bad reached the South Shetland rookeries by 1812 l Caiman, 
1037, p, 176). Existing records do show that American and British 
seuitrs were slaughtering fur senie nil th&e inlands at least os early 
as 1819 (Rugged Island, Fanning, 1021, p. 304; Batch, 1609, pp. 474, 
477; Bruce, 1920, p, 38). 

To Col. Lawrence Mur Lin, whusa vriueul analysis of documentary 
data bus contributed so touch to the knowledge of the areas south of 
Capa Horn, 1 am indebted for Lite following information on the 
southern fur .-cal fishery in Uu* vicinity of the South Shetland Islands. 
Shore crows from something like 50 a ling vessels,, about equally 
divided between American and English registry, were killing fur seals 
on these rookeries during the Antarctic seasons 1620-21 and 1B2I-23. 
Sixteen of the American sealing vessels are known to hero transported 
160,000 fur seal skins to New York and New England in IP Nine 
English sealing vessels are reported! to have shipped 165,0(10 fur *nl 
skins to England. Thus the total catch for the Antarctic .sen-on 
1820-21 could hardly haw been less than half a milHcn fur seals. 

So ruthlr'4 whs the exploitation of the* fur seal rookeries. thnt by 
1829 must of the financial dickers nf diis sealing business considered 
the risks too hazardous to warrant voyages io Liu South ShetbuuL- 
At that time fur seals had been almost exterminated on all the neves- 
siblo rookeries and the sealery were searching for new scaling grounds. 
Nevertheless, sealing eontinned with indifferent aui¥e& for innnv years. 

Forty years later (1971-72) wider* again came to die South Shut - 
land Islands and in the ensuing 10 year* kilted off tm»ro than 00,000 fur 
seals there nnd on the rookeries east nf Cape Horn (Clark. 1887. 
P- <0S)- Thu few remaining sarvirnis of the Shetland Island rookeries 
svfcitt to have been exterminated by h Vancouver genler in 1600-06 
l Anonymous, m Pin i fir Fisherman, vol. i. No. c. p. L‘it: Xu. 7 p ta 
1606 ). 
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About 1790, British iiiid American vi ^1$ engaged in sjfeiia whaling 
along the coast of Chile, os well as others that Imd embarked in the 
maritime fur trade along the northwest coast of North America* 
observed large fur sen! rookeries on some of the South American 
uiah-tnl and offshore islands. The American brigantine Hancock sailed 
from Boston, November liW, for Staten bliuuL Many fur seals were 
killed by the crew on Statnn Tnljind before die brigantine rounded 
Cape Horn an route to Masufiiera Id.imL Subsequently, this re»el 
stopped at the Hawaiian Islands and afterward sailed for the north- 
WwJt t'OMt of North America, After arrival there on July 14, 1731, 
ills Hancock was engaged in trading with the natives for sea otter 
skins until she sailed for China in the amiiinn of 1791 (Howav, 1DIM) 

p. m>. Ji 


Mosafuara, a email island lying 100 miles west of Juan Fern&ntfox, 
was one of llie most important of these fur seal rookeries. On this 
island, a shore crew landed by die ship KOsa of New York in 1792 
killed 117,dUO fur seals, till- skin# I>f which were carried to Cnnlori, 
China, and sold in March 1793 (Delano, 1817, pp, 196-197; Clark, 1887, 
p, 407), 

A shore crew landed from the American ship Jefferson of Boston 
obtained I&,0Qtt fnr oeul (wits on .St, Ambi'oso Island during August 
and September, 1792 (Iloway. 1930, p. 130). During 1796, the British 
sloop Hattlcr put into the GaLftpugos Islands for salt which was to be 
used In salting fur seal skiue at St, Felix and St, Ambrose Islands, 
located off tin const of Chile eome 500 miles mirth of Juan Ferjmndcz 
(Jenkins, 1921, p. 214). 

From thru on m ISO?, i.hf' business of killing fur reals along the 
Chilean conet was prosecuted with unremitting vigor and at times 
shore crews from ns many *» 12 to 15 vessels had camps at Mnsafuent 
Island. Guiles of men put ashore in 1798 on Mosafnera bv three 
American vessels (ship Barclay of New Bedford, brig iMney of Ston- 
ington, Conn., and ship Neptmt of New York) killed some W),fi00 fur 
seals. By 1801, the sealing fleet mi the const of Chile numbered 
upward of m vessels (Fanning, 1924, p. A few of th,** ships 

earned flOJMtl, an.) one at least I00/3OH. fur sea) skins to the market at 
( .iiutll. C'himi (CI.rfc, IWT. p. «H). «hM» U,,v w f or 

tfinrcbmidise to bo sold ui the United States. 

I lie rookeries on these islamU had been so ihatmighly ransacked in 
a period of 15 years that talers could tin Innger expect to mate a 
pF f\ VffWhgtittW. and by 1624 fnr seals were practically extertni- 
ijutL<l cm bull Juan lemind^z And M^nsafuera (MondL 1832 i> VM\ 

SnT'r ,t^ Df ,nr -> kilw » is 

S?TfiOWihtaptrio.1 range from « million (Fanning, 

ihfrirt.!!? ° “ 0 *\ thjlh 3 " ljlllon (Delano. 1817,p. 306). Although 
the virtual destruction of this portion of die Souther,i fur seal herd 



UAltIXE MAMMAtS— KEH4K10 


307 


wtm accomplished ni tin* beginning of the uinvUarnlh century, a far 
persisted for many years on inaccessible rocky ledges. As lute as 18SS, 
50 fur soul pelts taken on Juan ire man dess were sold in London 
| Cabrera and Ycpes. 1940, p. 181). 

Although the English sealer George Powell and Lins .^noricAxi scaler 
Nathaniel B. Palmer failed to luciito any fur seals in December 1821 on 
the South Orkneys. Iliis docs not licre-virilv indicate flint fur seals 
avoided these islands, Thera an" no available records of fur seala 
having lawn taken on the South Orkneys during the period nf un¬ 
restricted exploitation. Palhium, Iwwever, during the first 2 mouths 
of 1814 look 145 fur seal skins in the Sundufjord Bay district uE the 
southwestern end of Coronation Island (Mnrr, Um, p. 371). 

Spanish sealery were taking a relatively small umuJier of fur seals 
on the rocky islands along the Pul agou inn. const dating the lust decade 
of the eighteenth century. Yankee seolei^, however, were constantly 
raiding there inlands in defiance of prohibit inns, but often in cornu?' 
enre with fin al nflfriah. Otic sueli example wan Ifitr ship .YV/dune of 
New Haven, which from January 1 to Febiuaiy 10. 1,738, took sorno 
&V0OO fur seal skins from the rookery on a small inland off Port Desire, 
Patagonia (Clark. 1887, p, 462-464). 

Sealers rounding tape Horn occasionally landed shore crew-.- on 
Diego Ramirez, Staten bduinl. and other nearby small island- for 
the purpose of taking fur mala. It is evident lJuit a* fiite as 1828 fur 
scab wore fairly mtmenHi* at the southern extremity of South America, 
sine* the schooner Penguin i»f Stoiiingt on, Conn., took 4,000 fur seals on 
Staton Islam] that year (Buk'li, 1008, p. 485), The schooner Monti- 
<*tlo of Baltimore in 1888 and the schooner B< ajuuiin })' Wolf of New- 
|vort in 1839 returned from islands around (.’spa Horn with cargoes of 
2,500 amt 2,000 fur reals respectively (Clark, 1867, pp, 451, 453), 
Intermittent slaughter of fur reals on there Islands continued during 
the remainder of tin* nineteenth cenLury. During the summer of 
1862-83, the shore crew of tin* American bark Tforum. Hunt sailed 
down the jmjIU of 1,300 fur weals that find been killed mi Diego 
Ramirez. No informal fim of a later date on the condkion of the 
rookery on this island «wnis to he available, Between 1882 and J 802. 
the crew of the ship Natstan was re[ noted to have killed annually an 
average of 8/jflQ fur reals at Tierra del Fuego ami neighbo ring ialoinls 
(Cabreru and Yepes, U>gJ. p. 161). The Iasi r-jjxirtod catch from 
rookeries near ('ape Horn, and that only 038 fur real skin-, was 
earned to Nova Scotia in IIHMS by the Vancouver gdumnur Edith if. 
I!it!tom (Annnymuiio, in Pacific Fisherman. vnl, 4, No, 5, p. 20; No. 7, 
p. 10,1906). 

An file from tin? rather invlTri.-l tial attempt nf Spanish and Argen¬ 
tine governors to restrict the kilting of the fur seals on the Falkland 

MLD&J—IS- m Jl 



308 ANNUAL KErOtn- BAUTltBOSTAK INETETTUTlOX, Uf<» 

lakud-% fur sealing was never directly supervised lay the governments 
in tha- Southern Hembphere during the eighteenth and nineteenth 
ren furies. 

Hie rook tries on the Uruguayan roast, located for the most part on 
the Cotoniila, the Castillos, the Torres, end the Lubas grciijra of 
islands, were leased to commercial sealers beginning lu JK2'>, But 
here again, reckless commercial exploitation of ilusse rookeries all hut 
exterminated the animal*. For the 3fi years muting in 1007, the aver¬ 
age kill of fur nula was nearly 13,(100. In 1010, however, the 
Uruguayan Gnvcnuneiit commenced staling on its own account and 
nt the time of Dr. Hugh 31. Smiths visit in December 1D33. the rookery 
in the Lubos Island group was doubtfully estimated to harl»r eodiu 
30,000 fur souls (Sunt h, 1937, p. iftl ). 

Today only a few scattered individuate exist in the entire British 
Falkland Inland Do pendency Claim, n relatively Nnniil number of 
individuals have found refuge on the raokerh- along tin- Uruguayan 
coast, and tin other fluid I renuinu! maintains u precarious existence on 
islands slung the const of Peru. 

Xo dm pier in the story of wanton destruction of wild life contains 
so many obvious lesions ns that of the southern fur seal fishery, II is 
now apparent that the values destroyed in the avaricious hunt for fur 
seals wens many times greater than the moneys received from the pelts 
marketed, since the breeding itock dial should have 1«*< ti nuuntailtcd 
for the future harvesting of the annual surplus was destroyed mi every 
ocewmble rookery. During dm jmriod of ruthle-H exploit at ion of the 
awthem fur ecal rookcries, tile principles of wild life management 
were iolalty disregarded by tl»« governments concerned, oven though 
certain officials, notably C'apt. James Weddell (1827, pp. 111-143), did 
not hesitate to cull attention to the inevitable destruction of this eco¬ 
nomic asset i f the practices t hen in vogue were continue l. Conserva¬ 
tion was eil her deemed impossible or nut Wurth the effor t. 

Had scientific management of the southern fur seal herd Wti prac¬ 
ticed at the inception of exj doit at ion >-r til least before the rookeries 
hurl been seriotudy depleted, on adequate annual prnlit would have 
accrued to all the government* having jurisdiction over such rookeries. 
The devastating effects of this excessive slaughter have not passed 
unnoticed, hut no serious effort baa Ik-ou miuic to remedy tire existing 
sit nation. Neverthekwa, it is not loo late even ten lay or impractical 
to attempt the restocking of fur Ht-uls mi Lho*e rookeries, long *in«s 
abandoned, where adequate patrol ami protection can be maintained. 

WHAUNO IN Tills SiJUTHKltN lIKUl.^PtlKItE 

It may appdu surprising that whaling in the Southern Homiiphm* 
did not commence until stocks of wholes in Arctic waters were murk- 
odly depleted. One contributing cause way the presence of pirates in 
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the West Judins. Another factor wsa ilie alow development of the 
)il acti c* of erretingtry-works for rendering the nit on decks of wilding 

TESSoti^a 

Nevertheless, sperm-whaling sloops from New Bedford atid other 
New England ports wore cruising southward toward Bermuda as early 
as 1750 (Alih ley. 1938, p. 37). Humpbacks a id sperm w 1 1 ales, ho were r, 
were taken by local residents of Bermuda, according to colonial records 
{True, 1904, pp. 27-29), during the years 1666,1067, and 1G68, and this 
Qsheiy continued in a desultory fashion until 1749 or later. 

These Now England willing ships while searching for sperm whales 
apparently did no I crtilM among the West Indian, islands until after 
1760, hut sometime before 1770 one or more vessels crossed the Equator 
in the West Atlantic. 

During the period between 1T71 and 1775, there were from 121 to 132 
American visssals engaged in tins southern whale fishery (Jefferson, 
1870, p, 6} on both sides of the South Atlantic, Sperm and right 
whales were hunted along the coast of Bruit from the Equator to off 

( he month nf I .a Plata River Mid tfua.southward to Lo Maire Strait 

between Staten Island and Tima del Fuago, Three of Lhesc Yankee 
whaling vessels, the brig Montagu* nf Boston, th* sliip Thorns of Cap* 
God, and the skip Khuj George of Rhode Island, anchored at Port 
Egrnont in 1774 (Penrose, 1775, pp. 67-70) and seven others not specific 
caily mentioned by name were known to be else where in the Falkland 
Islands that year (Jenkins, 1961, p. 035). 

British whaling ship,; sailed for the coast of Brertl and the Falkland 
Island* in 1775. Before 17H4, British vessels had made. 76 voyages to 
these whaling grutmd.H (Jenkins, 193L, p. 209). Sis whaling ships with 
harpoon era and crews from Nantucket Won fitted out for thu foul hern 
whale fishery in 1*84 at Dunkirk, Fran® (McCulloch, 1832, p. 1116). 

British vessels, likewise with crews from Nantucket, rounded Calm; 
Horn about 17S8 (Starbock, 1878. p. 90) and commenced sperm whaling 
on the coast of Chile, They ware followed by American whaling ships 
which actively participated in the exploration of ilic Pacific and l be 
exploitation of sperm whale stocks in those waters. 

Hazards of capture during foreign and domestic wars, adverse con¬ 
ditions at home, variable insurance rates, restricted markets, and violent 
fluctuations in the market prices for sperm and whale oils kept the 
whaling business in a continual state of uncertainty. 

Nevertliclcss, in the firm half of the nineteenth century as many os 
five or six hundred vessels were employed in hunting sperm and south¬ 
ern right whales iu the Sour): Atlantic and Antarctic Oceans (Boysoiu 
1924, p. 220). 

Shortly afterward the general scarcity of sperm wlmlcs became rather 
noticeable and the industry Iwgan its decline. Statistics for tile year 
] 858 indicate that 68 ships were expected to return lo Nantucket, Mass., 
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with a total loss of :i million dnllut* to the aifwrs, A few of tbef* 
whaling ships continued whaling after UWO, lint ilic great days of It* 
southern right whale and sperm while livery have long oitioc passed 
into memory. 

T1h> rise, climax, and decline of (ho whaling industry ho* been rwn- 
nrtwl time and again a* the result of overfishing for particular kinds 
of whali*?, not only hi the Southern ITenUflphore but in all the waters 
of the world. 

The modem period of trim ting, liowever, began Mim> 72 ymtv ago 
with the invention of ri swivel Im r| J ‘ ' r> |»» by a Norwegian Hand 
Svend Foyn, It was not the gwivrl gun alone, hut the expltv-ive head 
which win* lilted to the harpoon that enabled ihu whaler to mruder the 
huge furrow-thmuteil whnt«L The rope at tached 10 the harpoon wn? 
strong enough to nihei the carcufi; to the surface whom it was inflated 
with air, so that it would thwU 

At tlie beginning of the twentieth century it Ikthuip apparent. that 
new methods of opera Hug we it? nws^sary, if I be industry was to avail 
itself nf opportunities in mnre dbinnt fields. Haste in 1004 tut enter¬ 
prising Norwegian operator converted Hie steamer Adtturaien into a 
floating factory and tagtm whaling around Spitsbergen. Having 
fnttnd that a flouting factory was fire to move as Conditions required, 
the Admiralnn l*cg«i whaling operations in the Antarctic near the 
Falkland Island? in lOfl.'i. Tim whaling tackle used in this fishery 
during the first few years was not. -mited for taking such [jovrcrfttl 
whales as the blue whale, which readies it length of IOO fret. Soon, 
however, whale-cntcher boats with adequate equipment were built. 

A modem whale catcher is a steamship somewhat similar to a trawler, 
but equipped with more powerful engine?. 1l carries a crew of 1J1 to 10 
men, including tin? master and gunner, and ut Joust l cook, 2 firemen, 
3 engineer. 3 sailors and a wireless ofHtratot, ail of whom live in the 
tucxftcrowded quarters imaginable. Mounted in (lie Imw of one of t Iwse 
boats is u majumrerabh cun non that fires it harpoon weighing more 
than IDO pounds, and is fitted with strong lunged barbs that open after 
it has entered the body of the whale. The head of the har|>oon also 
contains nil explosive grenade that is fired by contact with the whale. 
The gunner, assisted by die lookouts in the crow’s nest, scans the ire* 
filled waters of the Antarctic, die richest of all whaling grounds, for 
his quarry. When a whala is nigh ted the pursuit continues relentlessly 
until die victim is harpooned. 

Once die harpoon has reached its mark, the whole is doomed, and 
although it may dive to some depth in its death throes, it is slowly but 
surely drawn to the surface by the steam winches of the whole-catcher 
boat. Usually the next step is to haul the dead whole alongside Ike 
whale-cat char boat where a hollow lance attached to a compressed-air 
Inn* is trust into the body in order to inflate the carcass so dust it will 
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final. Then a flag is stuck into the caress? before it is cut adrift tt> 1» 
picked up Iflier awl towed to tlis factory ship. When two or three of 
these whales hare been captured in this manner, they are towed to the 
factory ship or shore siatioo, wlietv their carcasses are dealt with 
promptly and efficiently. 

During the first few yivnr the floating factory ships were steam’ 
ers of 2,300 to 0,000 ton-. Daring this iH.ri.iri also, the whales were 
cut up alongside the factory ships, and the blubber amt the head 
were lioisteil on board. Fur mow rational use of the this* 

factory ships have ham constantly improved, The targe ships now 
it) to* are provided with a slipway, usually located nt the stem 
above the prnpuHure, on which the whale caress** are drawn to 
the main deck by steam winches. Within 1 or 2 hours, the mam¬ 
moth corpse is processed down to the Inst scrap of limit. 

Thu dead*weight tonnage of about huLf of ihe factory ships now 
in operation is around SQ/NJO tons. The l f'r/r J Mvn, the largest 
of them all. is GS3 feet long and is ruled at dead-weight tons. 

Ten whale-catcher boats are needed to kill sufficient wholes to Wp 
this factory ship operating 24 hours a day. Something like 418 men 
comprise the crew. 

The perfecting of the kerosene lamp, of tine gas mantle, of the 
electric light, and the deflating id women s garment? gave the whale? 
h respite for some years, hut a sudden demand for the glycerine 
needed, for the making of ammunition for rhe destruction of men 
gave the final iiu|*tiis to tin's? animats’ fast approaching doom. 
Prior to World War I glycerine was a mere byproduct of the soap 
makers. Then came the enormous demand for this substance to 1* 
used in thu manufacture of munition*. /Vs w hiding operations wens 
necessarily -impended in the Xohli Atlantic na account of the war, 
the active mm tern exploit a l ion of thu Antarctic field began. 

Whole oil » now used principally for soup, with glycerine as « 
byproduct, for the manufacture nT edit.to fats such as margarine 
in Euro]**, and to a lesser extent for leather curry in g, filler dressing, 
face creams, unguents and ointments. In addition to this oil. a 
furrow-throated ’whale of average size will yield about 4 tons of 
meat, bone, and fertilizer. As a result of improved methods of 
pursuit and handling, us well ns the di^’merj' of new use* for 
whale oil in such tilings as margariiu* and cuHffletics, the search for 
whales is how more active than ever. 

The present <*uunty has witnes? i rl large-scale killing of whales by 
relatively few- ships. When World War l ended, it was expected 
that the demand for whale oil would drop nfi, but instead the total 
world production rose front thJji.OW barrels in UHU to 1,(40,408 bar- 
rela in 1925. Since then the iota! Antarctic production of whale oil 
has increased year by year, tb« lunuunt obtained in 11X57-38 being 
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a,if0,330 barrels, Hit; bulk of tills oil cam* from finback ami bill# 
whales. During 1937-3S alone, 54.061 whales were slaughtered, the 
largest number ever killed in nm year. Of these*, 40,030 «mt. taken 
In An tare tie waters during the OT-day season extending from De¬ 
cember 8 to March 15 by 250 wliata-vatcher Ikm is operating with 31 
fluatlng factories and 2 Jain I stations. 

In theinterraJ between 1004 mid 1&35, nearly 200,001} whales hare 
been killed in the vicinity of the flrhiah Falkland Island De¬ 
pendency Claim, which comprises South Georgia, South Shot lands. 
South Orkneys, amt ilio Palmer Peninsula. Of these there were 
about 37.000 humpback*, in ora than 75,00(1 finbacks, ne;irlv 00,000 
blue whales, about 4,000 eei whaler, 500 right whale*,, anil leas than 
1,000 -perm wlmlm. 

Afore than half of the 15,000 nr more whales c«pt tired hy shore 
Nations and floating far lories operating airing the coasts of Chile, 
Pern, and Ecuador have Ikti; Sperm whales. 

Tin* first clear imlicntion dint the stocks of whales in Antarctic 
waters war® being decimal eel catue during the season of 1530-37, 
For several years prim to liint stii.hoii, blue whales outnumbered fin¬ 
backs two to one in the armuid catches. The returns for tile 1036-37 
season revealed that fnr the firs! time men; finbacks (1-UJ81) than 
blue wlinlisj (14,'HH) were taken. The nest year, 2037-38, 14.0*23 
blue whale- jiiul 23,000 FmLucks were caught. The itaun condition 
prevailed in NWviW when II,LSI blur whales and 26,784 tint nek* 
Were killed. 

The blue whale h i been tho mainstay of the Antarctic whale 
fishery, Thi- whale occasionally reaches a length of 10(1 feet »»d is 
the largest atiiiiud known to bnvr lived on this planet. It has Ixhmi 
ruled luted tlirrl f:.u uil, fertilizer, and other products obtained from 
a 75-foot blue whale will equal that ubtainnd from either two fin- 
bucks or two sperm uhaLs totaling nil linear feet, or from three 
humpback* totaling 120 linear feel, nr from four whales totaling 
200 linear feet. 

Much has been written regarding the enormous ex p anti on of the 
whaling industry in recent Years. Warnings Luivv Wn given re¬ 
peatedly that the scuta of operations and Ihe iiiethuds employed 
constituted a menace to the maintenance of the stock of whales. 
Whalers contended for acme t ime, howm-r, that the Antarctic cir¬ 
cumpolar waters constituted u vast reservoir -7 whales and that 
thten killed fftm replaced naturally hy migi'iiUon from inaccessible 
areas. 

Nevertheless, some of tlie large winding companies began to ex- 
|)nist openly same misgivings about the, future of the iudtedrj if 
the promiBcuouB IdUing of whales continued unchecked. Shortly 
afterward, some of tlie governments, whose nationals were engaged 


MWHixjr uuuuii—Br^LOOC. 


313 

ill whaling, expressed their aegtatts enurem at lhe- increasing ruagni- 
tode of whaling o|wrraiioa*t in the Antarctic, which hid now reached 
snch proportions that reslrktive measures were urgently required 
if the future of the industry wiw re-r to l* gravely endangered. 

Although there wT.n' uiimy di film tries in ! he wav of adoption of iiiicli 
measures, it was recognised that, in the interests of conserving tho 
atock* of wholes, this could 1» ireomplished only by international 
action, On April 3,1030, ■ committee of capert* met in Berlin nt the 
request of the Economic Committee of the League of Nations to con¬ 
sider the feasibility of international regulation of the whaling in¬ 
dustry. Tho draft convention prepared at thin wuifemutt, after hav¬ 
ing ?»en modified in certain minor respects, wos rut ifled by IT conn tried 
end aoc«l«i to by 8 others. This convention, however, did not come 
into force until January JC, 191*5. 11 y its provision?, full protection 
was given to all kinds of right wholes j the taking or killing of calves, 
and females accompanied by ad was prohibited: hu<1 tho fullest 
possible use of the carcasses of nil whalr* taken wag required. 

Tile first restriction in pelagic whaling operation*. however, came 
in 1032, purely os tho result of economic nccc-sity. The whale oil 
market was glutted and the Norwegian feet remained in port. The 
following season, influenced in part hy the world financial crisis, alt 
(ho companies, vtlii one exception, agreed to restrict production to 
2,000,000 Irarl-olit of whale oil. 

Faced with the prospect that there would U k no voluntary limitation 
of production during the 1934-3;. wasiu, the Norwegian Government 
found ii DC" - — ry tr. consider mneiiilbicnli to the Norwegian Whaling 
Act toregulatetheindnsti-y. It was i cogm eil th.it the high standard 
of efficiency attained hy tho factory ships threatened the perpetuation 
of whale stocks. Consequently the Norwegian Whaling Act of 1934 
conferred on the Crown the authority to re^Hei (he whaling reason 
to certain periods of the vein-, t" enforce total utilization of the whale 
carcass, mnl to prohibit the killing of unck-rslaed whales. 

In 1933, the Governments of Great Britain and Norway pledged 
themselves to curtail the reason everywhere south of 4(P south latitude 
to the IH) day? hetnui-fi December ft und Mnndi 7, and to limit tho 
number of whale-catcher boats operating with each flouting factory. 
Repeated conferences between uflieinls of these two Government led 
to (he calling of the Ink-maliniui Conference for the Regulation of 
Wlmllng held at London during Juno (9-7. Slringnut regulations, 
«r "game luwB, n covering the minimmn legal >.ia; for whales of each 
qHieicw, anti prohibiting the killing of females accompanied by calves, 
jl* well «s nil right and gray whales. were drafted for approval by 
the Governments of South Africa, Argentina, Australia, Germany, 
Great Britain, Eire, New Zealand, and tin- United States. This agree¬ 
ment came into force as regards the United States on May 18, 1938. 



314 AXNt'Al. tSKVnJVV SMITHSONIAN WMtlTTlfi.W IQ 4* 

Under the terms «f this agreement, factory ships hk hatred frimi 
npttrutinn on the calving ground* of whales, and tin obliged to make 
the fullest jmssible use of th« whale earca**. Sotoe minor modifica¬ 
tions werw written into the Protocol of thine 11)38, including the pro¬ 
tection of the decimated stocks of humpback* in Antarctic waters and 
the establishment of an Antarctic whale *u net miry between the Rn?fj 
Sen and Cap? Horn. 

Wc are now witnessing wliui, w it bout much dutibU is tlio last pitas* in 
Ilia history of winding. for after the culmination of the present ox* 
phdtalhm of the Antarctic h?aa, where in the pant 4fl years more than 
f50,00tl whales have bath killed, no unexplored seas an.* left to be 
harvested. 

If the exploitation of the whale storks continues on the present ?ctile, 
the time murt soon arrive when the last remaining stocks of whale* 
will he so depleted that it will In* ecniumjicslly juipu-c-lld' to operate 
the great flouting factories. One more uf nalure's Imiinliw will have 
been surcBeed to junnV greed. 
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The musk as, one of th^ tin at interesting mammals of the bleak 
Arctic, lias returned to Alaska, and wliilc little is known of its disap¬ 
pearance from that region more than a century ngo> its return is boldly 
written in whit is perhaps the most dramatic chapter in the annals of 
hig-gnmo consennliuiu Indeed, this remarkable undertaking of ram- 
treducing a gome animal into its ancient lmbitat lias few parallels in 

conservation history. 

To reestablish their bind in rnir northern territory, tbs mu*k oxen 
ware transported by boat and by railway a distance of approximately 
14 j 000 miles. tho longest and mosi hasuirdmit journey in the iiutory of 
transplanting any mammal for restocking purposes. Captured m 
Greenland, the animals were shipped by boat to Bergen, Norway, and 
then Lo New York City. There they were crated and »nt to Seattle, 
Wash., cm express railway cars, to be loaded again aboard a boat for 
Alaska. More than 2 month* were required to move the iimrnoh from 
Greenland to Fairbanks'. Despite thi3 record-breaking journey, the 
herd, consisting of 34 aninmL—15 nudes and ID females—arrived «t 

its destination in splendid condition, 

This was in 1U30. Nine years later, in 1039, when ilie hunt was last 
v'mnled on Xuuivak Island, where it was released, it numbered CO. 
Biologists hare full faith that the animals will continue to increase 
end in time be of sufficient number to permit restocking of other areas 

in Alaska, v 

But before reviewing this am axi ng undertaking, it may be well to 
consider the musk ox and its Weak habitat. The term “Arctic, to a 
great many people, suggests a desolate, ice-bound land or water— 
where little life is supported. However true this tuny at Qrst appear, 
there is error in such thinking. In our so-called Arctic wastes tnoy >e 
found a profusion of bird and mammal life in arasorv, such as many 
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sfujck* of migratory waterfowl, fur bearers, Arctic hares, lemmings, 
cariboo, wolves, ami musk oxen. 

The greatest concent ration of wildlife in the so-cnllutl Arctic wmias 
is to be found during the lab* spring and summer mouths. following 
which nearly all the mammals either liibemeteor. along wilh ilia birds, 
niign to to a more suit aide winter habitat. Of the mnirimtih which 
neither hibernate nor to any great extent migrate from this chosen 
Arctic home, the musk ox is capable of contending with some of the 
bleakest habitats found anywhere. 

This picturesque mammal was first discover.4 in North America by 
intrepid northern explorers and traders near the close of the seven¬ 
teenth century. All hough, as may lai eonjcctuml, the musk ox is 
related to wild and domestic cattle, it is generally smaller tliao mont 
breeds, though soniacd thenhl animals have weighed Mill |muncU. Emm 
tlio ttp of its lin e to the end of it, abort raHiko tail, the musk os i- 
nearly 8 feet long. As with most mammals nf the cuttle typo, the 
ndiill bull is larger than the female The young, one baby ailf, is gen* 
crully bom in April or in early May. and this calf is ream! in rim 
valleys nf the Arctic lulls, mount jins, ami tuudm flat,. Here a pro- 
fusion of fledges, grasses, and shrubs Wosmm in the foot-growing short 
spring ami summer, and from thews the herds with the young take their 
subsistence, Then herds are generally small, averaging from 5 to 12 
animals. 

Arctic .summers usually disappear with great ^udclaimos#. leaving 
little semblance of an autumn, and early snows cover much of the 
musk ox’s fond. With this quick disapjieonuice of fresh grasses the 
mammal turns to dwarf willows, saxifrage, and other herbaceous 
plants und grasses which it obtains by pawing through (he snow with 
its broad hoof. 

1 wo of the natural enemies of tho mui-Jr ox have boon the Arctic wolf 
and Urn isolated tribes of primitive man, such os tlie Eskimo und tho 
Indian, Against those enemies this interesting and formidable appear¬ 
ing Arcticcreatura held its own in fair numbers, Tho modern firearm, 
however, coupled wilh predation and tlte t ike by the nortlierum^l 
tribes, spelled its doom. 

Originally, musk oxen occurred from Africa eastward to and iu- 
duding Ellesmere Island. Owing Baffin Bay, and still eastward 
it was lignin encountered in the coastal fringes of Greenland. Adol¬ 
phus IV. Greely, leader of the famous Grimly Arctic Expedition in 
the early eighties, found the animal near old Fort Conger, approxi¬ 
mately 1,100 miles north of the Arctic Circle, on EBeamuro Island, 
and points westward, Greely’s men captured calve? and attempted 
to tame diem, with die result that some became docile umi tractable 
even u> the extent of hauling iu teams. The chief difficulty was to 
keep the sledge dogs of the expedition Fmm killing thorn. 



Till! iirralt QX—TOUSO 

TwJttT the musk os Slits disappeared from much of its origin*! 
Arctic domain. ‘Iliif us* of modem firearms Hgninst the mi^k ox, 
which begun 40 yearn prior to the advent of tho present coatnry. 
lias been the greatest contributing factor. For a time its skill was 
utilized in the fur trade; northern whaling crews killed many ant- 
mills for food; then the formidable heads with sharp, curved horns 
became highly prized as trophies. GimuU, taking cognizance of this 
condition, some yearn ago set up a musk os sanctuary of approsi- 
Tniiloiy lii,0('U' square miles along Lius Thelun River east of htreat 
Slave Lake in the Northwest Territory, 

Research has failed to find any uutlumlkated oecuranoa of the musk 
os in AJuki since it was first explored by Europeans. The various 
tribes of natives in the Territory, however, state that the annual did 
occur llu-re ultout 1QQ yotire ago. ALso, remains of the mammal have 
tn*m found in Alaska; ami it is known that portions of tin* Territory 

are suitable for mti.sk oxen. ... , 

So, in 1027, resilient AliatawS presented a memorial through their 
Territorial legislature addressed to the Senate ami Elouse of Repre- 
fentatlves of the United Stoles requesting funds to purchase a email 
hind iff musk oxen. This plea came to the attention of the late 
Senator Tctcr Norbeek of Sou Hi Dakota, that grand old man of 
conservet inn, and Represent utivo C. C. Dickinson of Tnw.i, later a 
Senator from that Siat*. Together with Irving McK. Reed, then a 
member of the Alaska Game Commission, they obtained favorable 
action bj 1 Congress fur nu appropriation of ^40,WO to be used in ob¬ 
taining a herd of musk oxen and truti£[»orting the animals to Alaska 
for restocking purpoei->. This action was approved by the I resi. 
dent on May 27, 1900. The agency of the Federal Government to 
which litis undertaking was entrusted Wtti- the Rurciiu of Biological 
Survey of the Departmant of Agriculture, later transferred to die 
Department of the Interior, and during the past year combined with 
the bureau of Fisheries iniu an urpuijiiiimi known as the Fish and 
Wildlife Service- 

By tlue rime tlve appropriation became available musk oxvn in 
North America had Income =o reduced in (imuberH that it was im 
possible to obtain surplus animals. Finally, contact was made with 
Julia. Lund of Aidcsund, Norway, who was familiar with tlie tech¬ 
nique of fa [during musk oxen alive in Green In nd. To him, therefore, 
was given thu contract and task of rounding up a herd of 34 animals. 
'Che Greenland musk oxen differ somewhat from those that formerly 
occurred on tlie continent of North America, foremost in that thev 
arc slightly smaller. However, from a practical game-ntanagenien* 
standpoint, the differences are negligible. 

The majority of these Greenland musk oxen were roped by Mr. 
Luml and transferred from the mainland in whaling boats to a ship 
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which carried thou to Bergen, Norway. They were pieced in ttjie- 
dnlly instructed crates which permitted the animals to stand otto lie 
down in comfort. Grasses amt tuny taken rn the locality of their 
capture provided suitable food. 

On September 0,1930, the Lord of 3-1 animate, hulf of them calves, 
the remainder yearlings and 2-year-olds, was shipped from Bergen 
and 10 days later arrived in the port of New York. From there 
they ware removed to Albania, N. J., where for 33 days, ill accord¬ 
ance with Federal regulations, they were held in quarantine, '["his 
procedure was necessary to be assured that such diseases as foot-and- 
mouth disease and rinderpest were not present in the herd. During 
this interval two experts from the Bio logical Survey were placed 
in charge of the animate, and American-grawo alfalfa hay became 
their main food. About 5 (rounds of hay uu animal ware consumed 
daily along with cunridrrahlf water, the latter probably caused by ex- 
ce&dw heat on the Atlantic seaboard anil, m midi t inn, to thirst 
caused by the great environmental change. 

At the end of the quarantine period, the animal#, still in their 
individual era (of, ami well supplied with hay and water, wore loaded 
into steel express cars for their 5-day trip to Seattle, At this point 
they were again placed aboard a boat for the week’s journey to 
Seward, Alaska; then in freight box ears, they made Hie rail trip 
northward to College, near Fairbanks. They arrived at this disti¬ 
llation on Noveiidice 4, and on tha following day, near the campus of 
mir uio&t northerly institution of higher learning, the University of 
Alaska, were release! intu a 7^l00-iu:re pasture—part of the Biolog¬ 
ical Survey’s cooperative reindeer experiment station. This to lie 
their homo for the following li yours—years of care, study, and ex- 
per in ten I. All the musk oxen reached Collage in splendid condition. 

Accident a) injuries reduced the Herd to 32 nnimnls shortly after it 
won placed tn the pasture. These, however, soon responded to han¬ 
dling and could be driven easier thmi reindeer when it was dcRired to 
corral them. While under observation nL thin point, it was found 
that in spring and fall the animals fed chiefly an gra.^ and sedges, 
in summer on shrubs, ami In w inter an cured graces, ^-dgea, and, to 
same extent, on lichens. By 1932, the Ju-rd wax further reduced, 2 of 
the animals falling victims to bears. 

In April 1934, tha first of the eafrc% were born, and in May and June 
additional calving took plu<v. There were nine E-year-old cows ut 
this lime anil seven. of them gavo birth to calves. Four cows t hat were 
4 years old did not breed. Of the original 34 animals brought to 
Alaska, It) lind died by 1934, leaving 21 of the original herd and 3 new 
calves, a total of 29. Additional calving during the spring of l!)3A 
brought the herd to 32, 
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It wss ascertained tip to this time that apparently tho tauak ox does 
not breed until 4 years of age, and cakes at & year?- It wtte alsso found 
that tlic gestation period is 8 months rather than & months, as pro- 
t to risiy believed. 

In the summer of 1935 the first of those musk oxen, two adult bulb 
and two adult cows, were liberated on Xunivak Island in life Bering 
Sen. Unfortunately, r» tliird cow was killed en route. This island 
liefl approximately 5i5 miles from the mainland anil smith of the month 
of the Yukon River. It is about -<0 miles wide mul 70 miles long, 
containing nearly a million acres of superb grazing land. Also, the 
island is completely free of all predators, such as b«ii and wolves. 

In 1^38, when checks indicated the lour animals were doing well, it 
was determined to liberate the remainder of the herd there, The ani¬ 
mals were accordingly rounded tip mid crated—27 in all. By this t unn 
the youngsters trapped in Greenland hud matured into teal animals, 
and it was with difficulty that they wet? captured. They were hauled 
by trucks and freight cars to Non ami. from which point they were 
transferred to the engine iltck of the !], 1?> A pm firut for the long ti ip 
down the Yukon River. Arriving at Marshall 4 days later, the animals 
wore reloaded to a covered bargv ami. towed by motorship, resumed 
their journey down the Yukon to its mouth, at Kotlib, thence across 
Pastel Bay in the Bering Set to St. Michael, Here they were placed 
on an open barge, the crates covered with tarpaulins, bring Itobcd 
with cables to prevent shifting of the load. On .July li thr barge, ii> 
tow of il motnrship, headed for the open sea ami Humvak Island. 

At this time of yew northern Alaska may be visited by sudden ami 
K*ver« Storms, 9o there wus great anxiety on the part of those of os 
directly concerned with the mo venter l awl management of the ani¬ 
mals, Three men were assigned to the barge, one to look after the 
bnrgc itself, the others to care for the comfort of the musk own. 
From the words of on? of ibeso men, suim* idea may l>e bnd of the 
hazard 3 involved in this dramatic trip; 

In tatting; mil tin- U fottlL-J oa *13 obJe<l Ln e bi- Iwdlutn of Itm UfeJ. l^r- 

h*t* an old ]'QM>>piisnd titielior. wlihrli vu ftrasP*) out Us BtmH IpIeuhT. * 
dm u are of a boat 13 mile*, before tielnff diid^rV-'il. Hraty mtcminii ml 

uTifiJitp of Ht. Mi timed Dny. and wUl wi iwcltecf 111* iludter of Smart lelncul 
tbt* g$iu& w&a ruiagta Tba wtistit cm slit* irvwUu*:- piiltaO down Ujr bow of thft 
tmfp ptudj ywfw t H It Hdliif miEr ttw no It jrtflwod throwgli ibem. 'Ht * 1 

bnwi whs put to comrtOfimhla strain ifi^ Z lunin After frx-jin^ the trmUten 
tbe bfcriH rod* toon. 9 smootht*. 

wd iwidted the fipon f-ii lh»- bum 1 Issfan in rv**at \i* hg* Tbo drift 
bcilts in Hit* bow parted. upwduje fl ««un It# full wSillh, ULrouch whteh ttoe wilier 
poured wA Huh II Lit el warn Otlser peonsp bcitnii to opocu unit bj & n m. 
water tftiiod a roei <ta?r In ibe wet! of thi- hold. 
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Hand pumps were resorted to and the speed of the towing -,hip 
reduced until a atop was made in the J* »( Sand Inlands. Hr re thr 
twirge was repaired, and an July IC, tin* journey resinned to Nun ink. 
By early in the evening of that day, anchor was made ™ the en.-t 
side of the island, a few milts smith of Cape Etolin. 

A Timnlxr of Eskimos live on Xunivak Ldand, mid through the 
nidire interest of Carl Lomcu. the well-known eonservat ioiust, of 
Nome, Alaska, their cooperation was obtained, ntid the unloading of 
the animats was completed on July 17. 'Hie head mini on Niuiivak 
Miind, well known os trustworthy by Mr. Lomen, had a radio rwiv. 
ing at. fn order to insure additional manpower that might lie viral 
to oncers in nnltoding the tnuek oxen under adverse conditions, Mr, 
Lotnao brnail-'tin n inossg? to the island three times a week over a 
lengthy period prior to the anticipated date of arrival. The weigher 
fortunately held pood, which enabled the men to place the harp," 
well inshore, From ill is position pntg planks were pi a red otito 
dry laud, and down these planks the crated musk oxen, one bv 
one, wore sbov«L Released from their crates, the animals stum tonic 
10 llwir n " xv ««1 pe mini lent home. A reconnaissance of the island 
proved that the four musk oxen released in 1035 were definitely ratal)- 
lidied, A diEtk of the island in 1039 revealed iftaf tin* initial Audi of 
it! animal* received at College from Greenland in 103CI had multiplied 
to more than 1 * 0 , 

Tims Alaska, him her musk ox uiiw again, after probably the long¬ 
est and must hnrarduus journey in the history of t ran spin n ting any 
main in ill for restocking purposes. The total distance these animals 
traveled was approximately 14.0(a) miles, lint a sodden storm might 
tuive wrecked oil the* fine, work that wne so vigorously and effectively 
sponsored by Senator Norbcck and Representative Dickinson (1 years 
previously—in fact, wrecked tile whole venture mul caused the l.'es of 
human life. But such is the risk many enthusiast* in wildlife con¬ 
servation are willing to assume. 

It is hoped ibiit os the Kunlrak herd continue? to increase- a surplus 
will t» produced. This will permit the restocking of other Alaskan 
areas containing suilahlc huhitiit where this interesting mum mat of 
the bleak Arctic may live and breed mid thus |x.-rpe< uni* its kind again 
over much of its old range in that romantic territory. 
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INJECT ENEMIES OF OUR CEREAL CROPS 


Uy < ’ H. P*tSAWt 

ol tolr tmolDfnr 6*4 n<**1 Quarantine. Afiinu\- 
lunil RrttftreH ArfminJ»l«#iMi| (7. Departin' nt &l 4jf' tun 


iWltil tn I'HKWf 

Tt» tUo casual observer tin 1 growing o£ ccrmi -uvb as corn* 

wheal, and onLs scans t>i Im> n very dmplu procedure. b ( accept our 
daily bread—as well asuur meal, milk, ami eggs—wkh little thought 
„f the labor involved and the difficulties surmounted in pbu’iug those 
t^ential food* on our loblre. In ihess tlaya of urban industrial life 
two-thirds of the population have forgotten* if ihey aver heard, the 
old nil© for planting com: “On* for ttw s.]«irre) f on* of diecrow, on* 
for tint cutworm, and one to grow," Nevertheless, until all ow 
modern improvements in farming, the crop loA-c-i recogniiwd in this 
ubl adage still occur, even though w m vs of reducing these Iiwaw are 
gradually being found, 

r.oSSBS AND SAVINGS 

The 25 percent loss of ero[« implied by this okl saying ns being due 
In jnaw <B in nuirb too high for a genera! average, although almost 
lotnl losses are caused ntmutiHy by otto imoct P*®t Of another in 
occasional fields. An annual reduction due to insects of about 10 
]>erccnt in crop yields is, however, considered a conservative estimate. 
Even ibis much Eduction may matt the difference between prolil and 
[os» from » whole year of labor by nn individual farmer. Moreover, 
in these days when so many men arc fighting instead of producing and 
when they.' ns well as our allies, must bo fed if tiro war is to be won 
rind Ktnrviition is to bo prevented, the ! oil taken by the insects sts well 
as our other enemies increases in important- Tha H> percent of our 
no nn ii I production of staple crops taken annually by insects would 
far more than feed nil our fighting forces and would go far toward 
supplying the Io<»d needed bv our allies. 
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The following figures nre carefully considered estimates of average 
inuitija los** due to the toast injurious spades of a long lira of insects 
thut attack c^renl cro{>$: 

n, _ J*mi Gwfpeti* A*»waU»*t* 

“T-- tJnrn -----rnv. aw, two 

I’ -- °° ra ' rp*. -w.tioo ,m 

-- nrtil ^>1*-20,T0t.K» 

r J L P ^ n «*» ^- f-'»m -- 5 , UW.0OT 

Sorghum ml-taw __--S-rjjhmiii_„___ . il40l nm 

-Orowln* rice--- mow 

iJrh ,... '. . ,~T‘ “ — - fltBrpd B ™| wh«l, hri] rice- Q5,«2.tx» 

otteriMcndp u*«t*—„ 4ii sr.it..- m,m t m 

3,9141 - — 1 ■ 1 -— -—-*H», ^62. 000 

V«iy few w l ip fact -up .-liinmfe* of (lie value of crops saved through 
,L ‘ Whcntmu of control mr-nnjrp- have been made. Definite fi cim ,.,. 
oil tins sitljjecf lire rrtrranely difficult to ,.btain. Tliev are available 

Z™* r ' foT “ fflW redcnil] 7 supported ami organized program* to 
protect crops from certain insret [wsts, For instance, in \m it wa* 

£?J?o2i t - bit tllFll, igh a combinvii Fnicml and State expendHure of 

" fT™ 1 ’** tfff,rt tn rrmTr »1 tie duneh bne, at least 
- moot) worth of cm #as ™ ved {rnm rt--< ruction. Thus, for each 
•wUor expended approximately $21 worth of mm w«* sated. 

iiiWiclyaupiwrted grassiiopper-eontrel campaigns also afford ex- 
JJgMOf the crop saviijg* realised from riwrt control, as shown b v the 
following figures on recent opemtlons. 
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U* 3 * llftva UeTi (luo to Federal and Sut* research 

work «n the development, improvement, ami application of gnus 
brtppor-foritrol measures un d serve to illustrate the value of such 
re,c«rcli An nrerep nf 8SJ229 ( 7U has been expended annually In 
tt»o Uepartnieut of Agriculture during the fiscal yeare 1938 to 1912, 
indusivc, lit research dieted toward the com ref of the imerta af- 
filing m«n and hie food crepe. At t hh rate it Uuja becomes evident 
that the value of cro|* »red j n a, fJ eingt* year 1939 from gm«- 

"225 ; ri ‘ Mi V el>flid for *<«* ‘hw» W pm of t**ea*h work 
™J~> th « J>, ^ rtrijWlt "" »H *h* *»« variety of nuxions in¬ 
serts that beset ns. Moreover, with the application of insect-control 













































ntHECT EN'EMTEa—PACtABD 


325 


measures discovered by research, not only for one year but for many 
years, the returns become contitiuous and enormous as compared 
trit.li tho original cost of finding and perfecting them, 

MODES OF tSiSBCT ATTACK 

Like human atari*-*, insects attack in a variety of ways. There «r* 
the aviators, the ground troops, the subs (though subterranean niilicr 
than submarine), and fisc bonre from within, all in most efficient 
combination. What they lack in size is mom than made up in num¬ 
bers. They attack our cereal crop plants underground* bore within 
them or eat (be leaves ur grain during part of their lives, and then 
IfCconn* avis tut* for purposes of infiltration and advance. White 
grubs, wire wo mis, and roatworm* gnaw the roots of grain crops, 
change to actively flying beetled in their adult stages, efficiently select 
favorable Incniiims for the nest attack by their underground progeny, 
and plant time bombs in the form of egg* which hatch into most 
effective sapper battalions. The adult moths of corn cat-worms, com 
borers, anti army worms; the adults of the hessian fly, joint worm, 
and saiHlies j ami the winged adults of cbiindi bugs, and grasshoppers, 
fly from field to field—some of them for mudi longer distances—and 
locale their ground croojw of borers snd seoncliwbcarth sprriafi'jts in 
the most advantageous pf«iii«ns for crop destruction. 

In their ability to change from one form to another, and to live off 
the country, die Insect enemies of our cereal crops are in sttme ways 
more efficient than ve or mir bunitiii enemies. Hi is ability greatly 
ctuuplicutes the problem of fighting them, since only in certain 
stages of their insidious, versatile, imd persistent attack can they be 
fought tmccregfully. Furthanuore, the methods of defense usabl? 
ngainst them are "limited by die low value per ami of these crops. 
Even though in the aggregate I In- cereal crops are by hr the must 
essential and valuable of our farm products the returns per acre to 
the individual grower are in general comparatively email and he 
cannot afford expensive measures lor control of the insects attacking 
diem. 

METHODS OF UKl’KLL.IKG INSECT ATTACKS 

Painful experience and painsinking study have, however, shown 
many ways of overcoming these jiests. Fortunately for 11s, each 
species always follows about i W suma tactics and usually there are one 
or mure vulnerable points in tho course of their activities at which 
(hey can lie attacked successfully. In some instances no highly ef¬ 
fective and practical means of overcoming them have yet been found, 
and in others a combination of several control measures is necessary 
in order to subdue them. Obviously, the first essentia) in the control 
of an insect is n thorough knowledge of its life history and habits la 
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relation to the cultural methods required for the crop or cFfqj$ on 
whlflfli it feeds.. Willi this knowledge as u baste we are in a position 
to determine what measures can be utilized in its Hippre&dou, such ji* 
changes in time of planting the crop j thiogte in the succession of 
crops in Lbo rotation; l?ost tillage ma thuds and best time to apply 
fketn; timely destruction of erop residue; me of mvdwnintL dunces. 
barriers* and iri^clkiilt>; and the discovery nr iltpdopm^nt of re 
*»hinl rarieiit^of the crops oUaebtxL 

CUiam\fc co^rmm huahukeb 

\ a nations in the cultural procedures ordinarily followed In growing 
the particular kind of grain attacked may niton In- iifdtetd in pic- 
venting injury to that crop by certain itisortt, Control mcJiMim of 
rids Lype- aiv t^jiveieUy dt-droldo temu^r they add little or nothing tu 
the expiate* of growing tlie crop. On*- of tl \t most efft-r-tiro mama of 
preventing tha toesiau lly (pte, 1 — 3 ) from attacking winter wheats for 
iiistuncc, is to dr lay tlte sowing of the crop in the fall just long enough 
sn that It docs nof come up until the fall flight of she insect is past. 
Moderaldy fate phu tirt-jv of corn are h** seriously damaged thnnearh- 
planting by ilia rout winm or “budworin* fpL 4 ) in the southeastern 
Stiik- anil by i 1 m- RurojM^n cor n Imtvr m the rmtilieimtorn Status. 
Again, ij31■ J ■ ■ ■ l ■ 11 (May) plant mgs* of corn in sjiuthcnstem Texaa ara 
U'iu*r silill- pi survive the uM.iu-k of | hr sugarcane Wtr-4\ a serious pi^t 
of hi their arvu t (bun rarly nr late plant u-ies, hccousc they c^-ajur 
lirst Lm in iiI and uttuin enough growth beforu the advene of the 
i-^coml uful hi for brood- e* 1 withsfimd l.hoin more KUCceKsfuJly than late 
plantings do* 

The proper dbfK^rd of crop raghfiii'p is often helpful in the oouiiol 
(d certain ami highly impure sml in the control of other*. The 

European corn Imrvr survive the winter in th& full-grown caterpillar 
ntage + chiefly in tlte stalks nf cum and rnarsc-steumicxl Weeds* In late 
spring or early summer the caterpillars change to mtrtlm which fly 
bp the new com for egg laying* Complete dispel of the plant resi¬ 
dues in which the borers overwinter, by plowing them under (pi. 5) t 
fading i hr eh to stock- or b urnin g them before iiu? spring nmejfg pttr ti 
of Iho moth, is one of the most in % pod ant control uiBasure* for iltte 
inject- The sugarcane fooiur has iiiuilor habits m sugmmxmt sorghum, 
and cuni, except lIuiI tlic nnrmer rliujuio along tiic fluff coast where 
it mrcncH cua^-b llie aibsh moth^ to emergu earlier in the spring' hence 
full or winter disposal of this residues of fhe&u crops h helpful in the 
control of tins insect filwo. Iu fisc case of sov^ul whcat-iofcfltijtg 
insects, Ch the hessinu Ity. pjiutworm (pL 4 ) ? strawwannj and saw- 
d>!i the plowing under of the wheat stubble during the *uturner nr 
early full prevruy dunr em^rgouro to infest the new crop* or to breed 
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and multiply w Hit* volunteer wheat iIiilL would oilier writ- grow in (lie 

rtnbble fields. 

Certain tilings practices may ttomvtime* la* utiliixd in breaking the 
annual cycle in the dwrotopnitmi of certain peeks. Plowing, for in- 
stance, way he extensively and profitably applied in the control of 
gro^kappciB- These insects arc nut ns improvident ns Aesop's fiibln 
about the grtisshopiier mid the axil would imply. During lute summer 
and early fall a»i-t jq>ecifc? tlejmrit Iheir eggpods in tin* giouial (pi. M, 
sometimes in enormous numbers, and Unis having provided for the 
succeeding genera linn, die naturally of old age. Thu eggs normally 
remain well protected in the soil until the following spring withmii 
need of nny fowl supply. Iu fact, tlie common injurious species spend 
6 to 8 months of the year os eggs in the top S inches or so of soil. If, 
snmetimo during this long period, preferably in the full, the foil is 
tuned over by plowing to « depth of at least $ inches mid the surface 
layer well compacted by subsequent cull n ation. the little hopper* 
luil i-bitig from the eggs can be effectually prevented from emerging. 

The pale western cutworm, a feiritutfi pi^t of small grains in the 
Urent Plains, provider another example of how knowledge of an in- 
-Jl-rrL’ji habits niny lead to imipmi-iv, and practical cultural control 
methods, ft is known 1 hat most cutworms hide in t he soil during the 
day but come out to crawl around on lh<? surface at night. They can, 
bo cheaply arid easily controlled, therefore, by spreading poison bran 
kail in the infested fields, the norms eating it during the time, they 
spend above ground. But the pale western cutworm cannot be con¬ 
trolled by this method Iwmise it slay- unilei 1 ‘ground both d.iy and 
night, and progresses from plant to plant by burrowing a h ung ju;-t 
iiiLiliTucatli the surface. .\ Canadian investigator discovered, how¬ 
ever, that these worms quickly die after they hatch out in tin: early 
spring if the newly sprouted vegetation is nil killed by thorough cul¬ 
tivation as soon as the worms have had a little time to feed. St ran gel v 
enough, they con survive for sumo time if they have bad cu food, but 
ilia quickly if they have once led and are then deprived of food. TJn> 
infested fields may therefore U- cleanly fallowed for nb«ut 3 weeks 
wn after the worms have hulrln-d. and then sown to spring grains 
witli little injury to the crop, which ulhertme would have 

been mined by tills cutworm, 

A different strategy has also been used successfully against, the pale 
western cutworm in the southern (treat Plains where full-sown wheat 
is the principal grain crop. In studying die insect's habits it was 
discovered that the adult moths, which emerge in the fall, tend to fly 
to, and lay ihoir eggs in, fields or portions of field- that had been 
allowed to produce a growth of vegetation during the summer. Win¬ 
ter wheat sown in such field a was severely injured by tit is cutworm 
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tile foil owing spring, while fields that hud b«n cleanly fallowed prior 
to seeding escwjted injury. 

notation with other craps is often used to great advantage in pre¬ 
venting injury t<> cereal crops, especially hy certain species with re¬ 
stricted food habit*. The larvae of June beetles, commonly called 
white grubs (pi. 14), are partial to crops belonging to the grass family 
and, by gnawing their root-n. cause serious injury to pastures and grain 
crops planted on land that has been in sod. Leguminous crops, on the 
other hand, arc unfavorable to their development, and the proper use 
of legumes In the rotation, or in combination with gmses in postures, 
scrvcfl to reduce their depredations to negligible proportions. 

The cum rooiwonu (pi. 4), a serious pest in the Coni Belt, and the 
grape cotapia, another enemy of both corn and soybeans in that region, 
often lieemne extremely abundant in fields that are planted to com 
or soybeans for 5} or .’t years in succession, These insects an? very 
restricted as to food plants, however, and can b«r readily eliminated 
os serious factors by crop rotations Mint arc nut only effective fur this 
purpose hut also ore good general farm practices. 

Suitable crop rotation* are also very useful he auxiliary preventive 
measure* against several insects such an the hessian fly. strawworra, 
joint worm, and yawfly, which frequently cans!* serious injury to 
wheaL 

Crap rotations and intensive farming, on the other hand, may bo 
favorable to some insects, rijv.Ii as thu chinch bug (pL 12). Tliis is a 
native American insect which probably fed tm certain wild prairie 
grasses and waa of no cun sequence before the native *mi »n plowed 
and planted to crops, The settlement of the prairies and tba almost 
complete utilization of large area* fen the production of grain* pm- 
vitlwl the clnndt bug with crops much to itn liking. An abundanca 
of wheat and other small grains for the early summer brood to feed 
upon, and great acreages of corn in chisa proximity on wliieh to finish 
*** growth and product imo or more additional broods during the 
season, wora ideal for its multiplication, with the remit that it imme¬ 
diately became and has since remained one of our worst grain pests. 
Much can be done toward its control, however, by modifying the 
farming system so ns to break the continuous rotation and the prox¬ 
imity of com and small grains so favorable to the chinch bug, through 
the use of leguminous crops and pastures. 

Other cultural measures inherent in good farm practices, such os 
die use of fertilizers and soil-building crops, the planting of the new 
crap as far away as possible from the Jklds that bore die ««ma crop 
tha previous year, and the use of the best adapted and must vigorously 
growing varieties arc all iudpfnJ as auxiliary measures for the control 
of cereal crop peaia Since most of these are, in themselves, profitable 
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procedures, no added expense to the funner is involved in obtaining 
the netted protection from insects which they afford. 

KECH4»pAt tfl.TETO MEaSTORB 

'riie mechanical devices u±*d for the control of insects attacking 
icresl crojui art ctiufin-si mostly to the ordinary farm tools, which, 
however, rather than having any direct effect on the insects themselves, 
are chiefly effective indirect ly through their use in cuiLurul procedures 
and cropping systems. Plowing and disking do, of course, kill a 
considerable proportion of certain soft-bodied insect?, such as the 
whit* gruha, cutworms, ear wo huh, and root worms, particularly if dune 
at a time when tlicy art changing from the worm to the adult beetle 
or moth Stage in their underground pupal calk The indirect effect 
of plowing under com residue-? containing corn, borers and soil cun* 
taming grasshopper eggs to prevent their emergence W already l won 
mentioned. In these cases, however, the benefits are derived mainly 
from the burial of the insects rather limn from the mechanical action 
of the plowing. In general, the direct tneehinksl effect of th* ordi¬ 
nary soil-working took is of minor importance in the control of the 
insects injuring cereal crops. 

r h<' rolary plow should perhaps be mentioned as an exception to 
ihk statement. 1 his nnnhiiic fm.i a power ■driven horizontal cylinder 
bearing u seric- of bin deft somewhat like a lawn mower. It not oujv 
turns over the soil but chops it finely, together with anv stich 

us white grubs, it irmy contain and lias I*ieii reported to lx- veryaflst- 
ti™ against soil-infesting insect* Became of the Idgh nosi ofupertj- 
t ' 0I] *8^ tb 0 impracticability of using it in -tony ground* howevnr, it 
has not come into ^oncjrnl un*. 

W j lL 1110 *“***£& of equipment for (he application of insecticides, 
the dflvdopmont of special mechanical devices for the direct control 
of inserts has been very limited. In thk fidd the development of ma- 
chltiuty far tha destruction of European com boror* U\i* bu* n most 
i tin roughly investigated. As u result of in tonal vo cooperative work 
by agricultural engineers and entonudogiate several useful forms of 
equipment have been devised or adapted for corn-borer control. These 
include low-cutting aUactummU for com bindere and hnrvwtore, 
iiuiid cutting hMi a;ul stalk shavere (pL 7) for use in low-cutting of 
corn to bo aliodted ^y hand or corn stalks to be plowed under, shred¬ 
ding mul chopping attachments for inechanicul com pickers, sta- 
1 ioi inry hnsker-altreddert. silage cutters and fluid silagu hamsters 
ana stationary fodder cotters and grinders. Ad though littk of this 
luadunery has yet come into general use, with tiinjncrtase of tbs borer 
in the mam Corn Belt it may be used extensively after Uu war, whim 
materials essential in its manufacture are available. 
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Jji tlio field rtf development of media nival insect-control devices 
attempts to prrMiucc- it pr&ctienl grushopp*r C*tdler ur “hopper- 
dour” have been many mu] varied, and hftvtt bean mare or less OOQ- 
Ilhuolb since the great outbreaks of tha Rocky Mmmhuii locust soon 
after the Civil War, Certain of these machines are fairly practical 
for the control of some speeiee cm some crops and under certain cod- 
JUicms, especially since the advent of motor trucks and truetore to 
wfckicli they can be altadicd and by which I hey can be run rapidly over 
Ike inflated fields Even the lies! of then nrv not very efficient, how¬ 
ever! and the use of '‘hnppmloaEej'K* Ims been almost entirely coper- 
reeled by the dieuper and more efficient pniflonduiitiug method nl 
controi 

iNSfxmotnES and EEPBLLEKTfc 

IAy far the most extensive wbgh of insecticides for cereal insects, are in 
the form of baits for grasshopper^ arnywonti^ and vtil worms attack- 
inj these crops in the fidil; and of fumigant* Tor ninths* wcevijn and 
related insects uUackliig grain or rcmil i n-i ^ during storage or 
milling' 

Ikdorc tin* advent of poi«m4)rAU hail dsn fsinricrp were at ofi gnnt 
a rlUadvmitogi^ against iseveml nf three iiiM>ct.^ na were tlua Indians 
with ilndr biw& and arrows nguinsl Hub American pioneers equipped 
wiib rifles. Cultural methods, of one kind «r another, most of which 
are preventive rather than re medio I, and which p in L* effective, must 
be applied beforo Lius crop b actualjy phinh'd* wens practically the 
*>n]y rect.iui^u- of the farmer. Rmi t h+- informed and meet fon - 
sighted farmers were more or k-s lidplt^ in the face nf the periodical 
outbreaks of one or another of the>v insects that occur when cure 
ddioiih favor their inervow for n msa&m or two. Many less welt in¬ 
formed farmers devoutly believed that a visitation of anoyworme or 
grasshoppers to their Hekla was divine punishment for puma traos- 
greesiOTl of which they might uoL even be aware. 

I-UISOK I lMt& 

The. first recorded use «f poison \m\t against grasshoppers was In 
ilie IBSft',-by farmers in the Sun Joaquin Valley of Californio, Doubt- 
Ihsi the first farmer to try it was considered by his Beighbcre to be 
rather weak-minded if not cntcy to expect the liupjtcrs to pay any 
utttniiu.ii to a thin sprinkling or a few tilth* heaps of poisoned bran 
in competition wills their natural food plants. Nevertludesk the 
Hdu iue worked =HiqmsiiigIy well It was improved by the substitution 
nf wheat bmn for middlings and called to tlie attention of farmers 
nnd entomologkta m other parts of the country by D_ W. Cotjuilki* 
tt tinted invest igpior of that day in the field of Insect canted, who first 
observed its use m California. 
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With ftctimnt gtussbopf>er outbreak* in many olhvr St atea the 
method gradually CSDB into much wirier use (pi, 10) and ifcfieffed ive- 
in-as against sir my worms and cutworms as well ns grasshoppers became 
more generally known. Many attempts were made to intMra the 
dlfatciicy of the bait by the addition of flavorings of atm kind or 
another, such as cane molasses, ground citrus fruit, or Imimtia oil, to 
make it more attractive to the. grasshoppers Up to the present time* 
however, iho wheat bran itself, and products closely related to it f have 
proved to be about the most nitrectiTO, most widely available ami 
cheapest material table for large scald use. The effectiveness of 
bran baits luts oat been increased enough by any other aUructant* yet 
found to warrant the trouble and cost of adding them* On the other 
hnticLit has been found pusaihla in dilute the bran greatly with cheaper 
inert flaky substance?* partial hi rly wtK>d stiwrinsi nr cottonseed bulb, 
without materially minting the efficiency of the bait. As a result of 
this discovery the cost of bait per acre tins Wn much reduced and 
ihe funds available for control operarioim have been mado to go much 
farther in recent years than formerly, Tha quunLitice of bait used 
during the j^atis 1D!1®,1and UHi for the cbhtand of grasshopper^ 
and the crop savings realized thereby are given in the tabic on page &2A. 

Ijarge quantities of bait have al ho bran usd do ring the past witthI 
years in the control of nrtny worms mid Mormon erkkate. If is only 
within the last 3 or 4 years that bait has been u^ed successfully againvi 
iho latter. Although the Mormon cricket (pb 11) is realty n big 
wingless grasshopper and likes iho same crops, it will have little to do 
with the gtondord bail in which an jusemcal is used mi the poisonous 
ingredient For many years l fits wan thought to be due to all sorts of 
rmmnA except the right one. Finally Cowan anil Shipman banted 
from their ei]>erimnil3 thin tint crickets refill to eat bait:- con blitting 
dTi arsenical even in extremely small quantities but that they will lake 
them readily when sodium fUuK-ilicaUs is suh^tif un.nl as the jttbcmmji' 
ingredient* Thu* discovery lias resulted in much chea|>er and more 
effective control by baiting than was possible by any of the methods 
previously used, which included dusting the crickels with sodium 
a rami to and the instalhilirm of harriers and traps of one kind or 
aiLdlher (pi. 11) to dispose of the migrating hands, 

SimI inm fltiranljcato h&if is also just ns effective against gradwppfrs 
cte the arsenical bait and, owing io the scarcity of arsewicalfl m a result 
of war conditions, b supplanting it in grae^PF*Montwl opcrnliiuiSi 
Fortunately, no scarcity of sodium ftuosilkafe has yet developed. 
Another very valuable feature of the tin militate is its distasteful nr^ 
to livestock nod the probable* diminution through its uae of the 
accldenial poisoning of stock which sometimes occurs as the remit of 
careless ness in the handling of arsenical bn it or sodium or&ftmla dust. 

In the large-scale publicly supported campaigns of recent years, the 
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ctimml of grasshoppers, Mormon erieketH. n nd army^irmi hu ; l*H«n 
ff™ 11 - 1 ' iamA *^ 3 ifl **>1* and i-fH lent-y hy tin- invention -sod wjd» 
iiw i>f motorized eqtffrmmt t pi. 10), The mention and ik* of powvr 
bait-mixing mat'tunas, traction and power !>rit spreaders, Tin- use of 
moir^r trucks for hullin g bait, and the adaptation of airplanes for its 
rapid application, especially on terrain not readily treated by ground 
equipment, have all contributed wonderful If to the practicability and 
‘“fl'i-ftiTencs- of large-scale control operm iun 3 ngalmit ihpw? insect*. 

1-UEUTC.lIi AXS MECHANICAL n iBBItw 

Tha bubiLs -f certain of the hiK- t, attacking rervul erepg arc such 
tliuL chemical or mec hanic a l burners, nr a combination of both, may 
Ins used to good advantage in their- control The chinch bug is * good 

"”** is 0110 °* *** WORIt vt wn» in H* main 
Lorn B "' L » licn weather conditions ure favorable It ibjvelmw in 
prnu mi? mni)bi;r- in [hi* suuill grnbt* (be spring and nurly 

siinmitu- Bometimes seriously injuring considerable acreage* of them, 
f h<- autll grams Usually rip-n More .hr- spring bnwt of hugs sit tain,: 

I ii wiiigei or adult Mtujif- and the immature hugs then migrate on 
toot pout the sntiill grain fields into the nearby Quids ..f young corn. 
If tufl migration is not stopfwri immediately the complete destruction 
of tins corn may he only h matter of days, Fort mud el v for th* form- 
ere, htmom, the bug* must migrate by crawling irjtrad of firing j 
hence, it is possible to Anp them effectively by means of u bairiur of 
mi 4J1< 1 One nf fit? b©Ft bam nr* is n ihie of coalnr 

creosote placed terns their line of advance, applied directly on a 
iiuoolh, hard-packed low ridge of earth or no a Luu» about 2 inches 
iig } iruii.c of lit-avy psjxsr. The Itiiter method is the mr.ro efficient. 
-T * * f 5 ♦ At rTe tra 15® iuti tbt-n ilug about every 20 tai along the 
, " f hnt nci ; U* bug* *rc migrating. Creosote is 

Tetj repidtunt to chinch bugs, and they will nut crew the barrier lino as 
long us it is bpt in goftl condition, Instead, they travel in stream* 
a ong Humil they fall into theptst holre where they ere killed. With 
u prempt insulin Hon and proper main tun mice of three barriers Uu! 
corn can 1* completely protected, 

Iiui here again wo encounter another instant* uf the far-reaching 

wnr * }\ *“* coated a scarcity of cori-tnr creosote 
.t may make this material difficult, if not impost, to obtain for 
r mrh-bug control. Anticipating this situation, however, both State 
and Federal mcomologiafe have bmi oiperiimmting with pmrihlo 
Mit.z,hiiito,iind ] !:iv<1 smsrmlcd in finding several very prpmisingon**. 

SE2£ES? *? ba ™ *■«» ^creosote and applicable 

, com itself, m case of need, as well as to barrier*, 

. T-tT re| ^ 1,irr ! t corns into use for chinch-hug barrinre 

p 9 mrelmmra! type of bntrier was widely used, consisting of 
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furrows or strips across the line of march of thr- bug?, in which a ik*-p, 
dusty mulch v.*us produced by vontimiwis drugging of u log buck tod 
fiHik in the fLimjiU, or In burrowing (.ho strips The -lust and the 
dragging or burrowing together etfectuiiIJy prevent the bugs from 
getting such harricre in injurious number?. Fldsi type of bar¬ 

rier, however, limn w<> prions disadvantages: Tbs continuous attention 
ij i-equirrs, ami the hiipo»ihility nf maintaining it in weL weather, 

Xlto barrier idea has Iwn utilized in a imieh different way in the 
control nf the com earworm (pi. 17), As many people know who 
Love raised aw net com ur have huaked cars preparatory to cooking, 
tlie^e greenish ur browmsli worms ear thoir way down through the 
tip of the ear and the kvrni-Li. making very tne-y burrows and giv¬ 
ing the ears an extremely uimU motive appearance. After much 
study of the ui-ecl.'s habits and cxpcrmieuLs with various methods 
of control, T>r, George W, Barber finally developed a barrier method 
which prevents the worms from entering the cure. He found that 
the injection of about V% teaspoonful of refined mineral oil into the 
silk mass at the tip of the car creates nn effective harrier against 
the entrance of ilia little newly -lull died worms, emerging from the 
minute eggs laid by the parent moths on the silks, iuid Ihnir suhf-etpient 
injury to the silk limns and the kernel- Barbr also d hoovered, 
however, that the oil interfere* witli du* pollination and filling out 
of the kernels if injected too soon after the npjiearanee of the silks; 
hence it is necessary to wait 3 or 4 days until the wilting of tho silks 
indicates that pollination is complete. He observed that during ihia 
interval some worms succeeded in penetrating well down into the 
ear tip, and realized the need of some improvement of the method. 
Further work revetted the foci that a very small percentage nf py, 
rothram wtiract or diddoroethyi ether added to thb oil killed most of 
the worms that had entered the cars before treatment as wall as 
those that entered them afterwards. In tiie course of hi a studies- 
Burlier also dev bed simple adaptations nf coiumuu equipment In thi- 
appheaduu of the oil easily and economically (pt. 17). This method 
has also been used with some success fur the prevention of car worm 
injury to the highly valuable plantings of pedigreed lines of corn now 
growu for the production of the high-yielditig hybrid field and sweet 
corns that have almost entirely supplanted the opea-ppllfnaind va¬ 
rieties. 

Before n -urcctefiil poison hail: for the Mormon cricket was dis¬ 
covered galvanized sheet-iron barriora were widely used in the con¬ 
trol of this insect (pi. II). Long strips 10 inches wide were fastened 
upright and end -hMind by means of small stakes, across the path 
of die migrating bands of crickets. Trap pits, or enclosures made 
of die jiitlvamzed-irou strips, were Located at frequent interval* 
along the harrier. In the*.* the ertckcls gathered and died. Mirny 
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milt- <>r this harrier were installed to good effect during cricket out¬ 
breaks, bat this method has now been utmost entirely superseded by 
the much cheaper and less laborious poison- tin it i tig method of control, 
Metal barriers of the type junt dirtied have been and arc still 
very ex Leu lively used in Argentina against tilt great hordes of grass- 
hopjiers prevalent in some parts of tliut country. 

Another exjjcdient. frequently used against Mormon crickets where 
circumstances permit is the oil-on-water barrier. The crickets ilu 
not hesitate to plunge in and swim across streams nr irrigation 
ditches that, they may encounter In their migrations. Ad vantage it 
taken of this fact to lum steategicallj Incaled walrmnuas into 
Jmrrwrs by coating the surface of the water with oil Barrels of 
™“P» lt 6 ,lt ur « I'biced nt interval of about U> mile along the 
streams and canals mid their contents allowed m'drip or dribble 
i-Jowly WBS to form it thin film on i lie water. This mute tin? HufUnmui' 
crickets and kilts them. 


SFttliYB A3i|> UUMlfl 

Often the first question asked when mi iu*^ infection is discovered 
on any crop is “Wk can I spray Si with f" Unfortunately, 1 he acre 
\Liim-. of cvreul crops i« ordinarily too low to permit the direct use of 
uweci: iciilrs on tlrem. As has already been men tinned, control rmnoures 
_ *T.V* -ds attacking these crops must be lurgdy cultural or- if 
inscctiedal, must he of extremely low co^l . 1S in the emm of pobKm 
tnnt. which costa only aWu 30 to Ml ,vnts M >r n, re. It i* tn.v lin.i 
msacticides are recommended for the dir-^t control of the European 
com borer m market sweet coni, but this is a specialised crop which 
«immt properly W comMered a cereal, Because of die rapid growth 
of tJm com mid the fact Hint the egg-living and hatching period of the 
Uirere i-JCtenifci over a month or more, a*vend applications of » s p r av 
or dnut ure required for effective control. Tbio method is too expulsive 
pni ' tl, ui ® 011 t0 *n, or wen ,, h swn t com grown fnr the 

emmery. It is pi^ibkshmrever.ilml future developments may retim e 
costs to tire point «licre m^itiudw may be n^ d profitably against 
uio borer, nt least on canning com. 

Insects continue to take their toll of our cereal crops e ven after they 
.live been Safely harvested and stored. As has already Ikcji note*], 
tli^y destroy auimally some M) million dollars worth or more of stored 
grain* and cereal products. With the wartime need of conserving our 
ntjiplies of these most essential foods U* prevention or reduction of 

!Jr cnormu ^ *“** «dtv.. b important, and nt the same 

limn more difficult owing hi It.a Interfere,,™ with normal distribution 
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and consumption. During the first World ff«r nnd during thu present 
om* siroml efforts lime been made to find ways mid means of meeting 
tlie situation. 

Of Bewmi hundred species of iiifoeta found associated with stored 
grains i tr grain products -.»mr fwi ur more binds of moth*, weevils, and 
beetles are seriously injurious when condition* arc favorable lo their 
activity., The hirvnr of some species bore into trnd tnutMfc iroddd of 
the kernels, wldlo both, the larvnu and adult* of others ore free diving 
among the kernels or in toQkd cereal or dour (pi* 10)* The larvae ol 
Filins .if Oil 4 moths not only eat those products but spin silk lih they move 
about, ftometiroes forming a thick webbing 1 on the mu face or within the 
outer layer. High temperature^ acid ample moiidmv :ut? favorable to 
the development of all those insects. Hence they arc n constant source 
of annoyimeo nut! loss in wnnil-tamperate and tropical regions Tiny 
nre cosmopolitan in distribution^ however, and in warm, moist pmihiih 
or under suitable conditions such ae prevail in flour or cereal mi lh f 
they become serious |>esfcs in the more northern latitudes as well* When 
uf] infestation i> once started in stored grain*enough heat and moisture 
aiv often generated by the insects thorasdvea to provide for their con¬ 
tinued activity tmd to cause injury to the grain. Some species Uuilu 
a heir attack on tin* grain in the field lefore it b ston'd and are carried 
with it into the bins. warehouse. elevators, ami mills. Otlwft live 
and breed chiefly ’within these borage places. Most of the species are 
active flier* in the adult beetle or moth Binge ami spread locally by 
flight, but the principal means of dispersion lx the commercial ship¬ 
ment of grains and cereal products, They have been carried all over 
fbe world in thb way. 

Thu first essential* for the protection of stored grains uni cereal 
products are goo<l storage far i ikies and samtiUbm Tightly coij- 
sfructod bins, warehouses, and mills that can readily Ixs kept elmn and 
that will prevent the escape of fumigntiLx when it Incomes necessary to 
use them are basic to satisfactory applb-ation of in^t-cont.rol merit-; 
wivsl These insects breed in undisturbed accumulations of grain or 
floury residues wherever they arc allowed to occur* such ns in floot 
cracks, behind lining boards, Sit supplies of stock nr chicken feeds, in 
used feed or flour saeks. in conveyor machinery, anti In household cup 
boards Such accumulations s?erve as turn's from which infestation^ 
spread to stored grain* cereals, or flr r ur T an A obviously dumM ho 
eliminated* 

Owing to the more or less frequent or constant introduction nf new 
infestations in one wav or another* however, the periodical application 
of more drustic measures becomes necessary. Tlie most generally u?o 
fttl treat men t is fumigation. Several different fumigant* arc in com- 
tnon use and the best one to select depends on the circumstances The 
eo^nlled heavier-dmn-oir especially ethylene dicMoride or 
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carbnj) rti$tilphide mixed with carbon tetrachloride to mako them 
iron infl a mm able, arc mo at gumrallj used on stored grains (pL 18), 
4 these arc liquids at ordinary Bern potato re and when spray t?d uu the 
surface of the grain rnimediuCcly evaporate to form heavy gusrra which 
quickly sink down through it, Another kuiUtIuI often used for grain 
fumigation is minims cyanide in granular or powder form (pi. 18). 
This b run into the grain stream m it enters the bin where it quickly 
reacts with atmospheric moisture to form deadly hydrocyanic acid gits. 

Tlie fumigant# most commonly used in mill and warehouse fumign- 
Tion ani liquid hydrocyanic acid* methyl bromide, chloropicrin, and 
0 mixture of ethylene oxide and carl Km dioxide, Tlie^e must be lib- 
urntiil by suitable means and in iuGHunt quantity to obtain an insect- 
ktlliim concentration throughout the entire building. Cliloropicrin, 
hy the way, is tbo tear gft* introduced during the first World War. All 
these gase* arc extremely poisonous to hntnans as well rs insects and 
dionld be handled only hy experienced persona equipped with gus 
mufika adapted to the particular fumigant eg bft applied, 

Thj muiy ffUSceptibiUty of most stored-product insect? to haul and 
cold h often utilized instead of fumigation fur thnir control. S <m* 
cereal products are run through rtwm or electrical heating appliances 
to Inll uny insects they may contain and fair control is sometime ob- 
mined by heating entire buildings to 125* F, or more in hot weather 
when the;^ tadperaturtg can be produced without too great expense 
In the more northern hli tildes adynttage is often taken of zero and sub¬ 
zero temperature# to eradicate insect infestations In milta ami ware* 
houses by turning off nil heat and opening the buildings to the outeide 
ur, 1 Ins low winter tempera*Tires and a W eftfil summers of northern 
climates ordinarily serve to hold insert infestations hi grains or cereals 

m unhented storage to such a luw level us to make fumigation unneces¬ 
sary. 

Tho ttn^niptioa of carbon disulphide and fumigants containing 
I'Uiormp for use in various war industries has made then, unavailable 
at timee for the treatment of stored grains, and lias mcreared the need 
■if finding araihble substitutes. Efforts are now being made in this 


cfeccriiEsiBTajrr tajheties or ctwra 

Although it has been known for many years that some varieties of 
the riitrerent cereal crops are less susceptible tl. DI) others to their 
*yP ecl,Ve lll ‘ pc t enemies, deliberate efforts to find arid breed this 
diaract.^nto m’proved varirtks are comparatively recent develop- 
L *?}* *fV case ° f other venting into new fields these efforts 

23i35T? ? T B *• ■» 1WT likely to yield 

^ N T rth ^ the - 7 *«“ continued :md 
* hKamo estrcmrly promising, tthwt* highly resistant to the 
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hesrian fly (pL 2); varieties of corn resistant to the European corn 
boitET) ^jurTvorm, chinch bug (pi. 12 ) k or com leaf aphid; sorghums 
resistant to the chinch bug: and barleys, oats* mid wheats resistant to 
tlio chinch bug or to the green. bug* have nil been discovered through 
systematic U^-la conducted in recent wars. Breeding operation.-! have 
also shown that by controlled crowing and selection many of tbetc 
in&cd-resist ant qualities cun 1 m Invd into other varieties name suitable 
for t*>mmerdal producimii. and tint these qualities arc not I tub'd with 
undesimbbchanut. rs nr jiirompatibb with oilier desirable fudi 
&9 high yield, quality f and disc use muttfanav CVminrivialfy &tlL-vfaC~ 
tory varietits nr lima nf wheat, mlr k barley, nnd corn resistant to ooo 
or mrjro of tint inlets )iut mentioned hare a irmly boon produced nr, 
through the application of modern dfcrtliiKU of plant breeding* arn well 
advanced toward cnminemni aval Lability, 

Insect control through the tiEe of resistant varieties would biro 
several udvantages over other mn.hods of control Once the seed of 
Eiidi varkitie- becomes available in quantity and comes into general 
us* the fanners will 1 m automatically relieved of tin- gxptmsfe and 
trouble of applying oilier control methods Mow latitude in mlftiral 
procedures, time of planting, mol crop rotations would t ks gained. 
The frequent* Mvm, and general outbreaks of r^rtuin ^perica that 
confinr their attack to only one or two kinds of grain crops might 
even be prevented. The development of catml crop varieties resistant 
to inaqcLi has now jirogn^^i far enough to warrant the definite ex¬ 
pectation of extremely valuable results in tills field, 

BtOIOOIOU. CONTKOI* 

Several Writers have called! attention Ui the iiiLC-sinit coim-i Ittitwtvn 
the ineocls .nnd man for supremacy. The insects probably would 

have won lung ago if it were not fur thr milural igcpclaa tluU hold 
them in cheek and for the face that meat of the florin® species arc* 
much U'-h readily adaptable than mun to vuriatirm^ in envimnrnaiit. 
Malty of tho-o that ml nek o-rcal crop3 T such as the corn rootwnrm* 
com Icrtf aphid, nnd wheat juintwonn, can breed suocc&afutlj only 
on one or u very few sjiecies of host plants. Others! such ils Ujl gries- 
boppera, diinch bug, besditt % t and gram hug, ahliougb vxtFomriy 
prolific-, arc highly susceptible to unfavorably weather condition* ai 
certain tiling in their life history unci often suffer vlbbnt rediietlon* 
in numbers ns a result, Still others, iraywamt# and cutworms for 
example! have nuui;. parasitn.- and pmUcutauM IjishM * jicmu- that nt 
times al&taA oomplddy extenuiimlc them in localitira wltere they 
occur in otrtireak numbers Sum-- mral insect (nest^ irniyworms, 
chinch bugs, and gra>” hopper* for in-1 muv, are al^i subject to bacterial 
and fungous diseases that owns. ion ally become epidemic under favor- 
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sihk- conditions. The interaction* umuiig three peats, their Jniswt 
i<urmiis, their diseases, and the weather, are extremely complex. 

Since we have hol yet fannied to control the weather, which is the 
dominant element in Lins combinatUm, we are not able to manipulate 
these factors to any material extent in tlu> prevention of insect out- 
breaks. In fact, wane of our grain-production practices hare been 
inrins favorable (hen rti'lniiunl-ul 1o such otithrvnks. For example. Lin- 
planting of large acreages of both com ami gniii.ll grains tu the same 
neighborhood eniionmgea the multiplication of the chinch bug, as al¬ 
ready cited. Another example is the favorable imulition for gru, 1 ^ 
h uppers brought about, partially at lenst, ]iy the uilfiislrc growing of 
wheat during the Erst World War, With the urgent ilemuml for that 
giiiju, great areas of virgin sod on the western pin in a were plowed mu! 
bow u lu wlieiit, Alt hough much of 1 his land was gradually abandoned 
tii- the demand for wheat snlrdded, both tin-. wheat stubble and the itl.mii 
doiied land have provided extremely favorable food and egg-laying 
wuuiitions for the migratory grasshopper, and have been important 
factors in the persistence and severity of the widespread and alrnwj 
continuous graa-ihopper outbreaks in the Great Plains during the past 
decade, Fortunately, it has been possible to prevent a large jntikm of 
1 ho potent ilil crop damage through the application, at great expense, of 
the halting method already described, but (he problem of working out 
and applying methods of preventing the outbreaks themselves dill I 
remains. This problem can undoubtedly be solved, possibly through 
I he mm of sotne of the slower airplanes for spreading poison bait, when 
they lititjijii' available for other limit war purposed 
5lany of the insect [tests of cereal crops, like most of the crops iheito 
sdros, are not native to this country. Others have adopted these crop* 
M food when they have become widely grown i, t thia count rv. Xirtahk- 
1 -xu in pies of foreign invaders are the bream n fly, European corn borer, 
and movt uf tlje insects that attack our ston'd grains mid cereal prod¬ 
ucts. Uni army worm, chinch bug, and green bug might he mentioned 
flS «iuspicnons among native insects that have taken readily to im- 
porterl crops. In cases where the parasite enemies of the invaders did 
not dime dong with them efforts have bean niutfa to import ami t-!,tah- 
hsh t!lGW pawitps. Some of three have Income well established while 
othure apparently have not found condition* In (his country at all to 
Ihotr liking. In general, ii may 1* m ]d that nil hough the parasites 
uf insects stacking cereal crops are highly beneficial, in no case can 
hbey lie depended on to ke^p three pegs under permanent control. 
Jilier means must therefore bo found and applied when necessary if 
the rereuJ crops are to fa- successfully and profitably grown, storml, 
milh-il.uiul supplied tothf- humnn rather tluui the insect population 
for con^mnptkoL 
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THE GEOGRAPHICAL ASPECTS OF MALARIA 1 


[if ^nt ^IalcvLu VV4TP0W 
Dfmf&r, J2fr« JMilJMffl o f Trepknl Jtfjwiriff 


I{;u] JOU rtfikftd m<r 50 yoar» tigu to a-Mres*.yon on (he ‘Kjwgrajjliical 
AsiK-cirf of Maltiriii,*' I should !iuve begun by quoting from Mi rich's 
inonttmsJttui work od '’ti&ojfraf >hU*al and Histories! Piithofogy" (llV?3) 
os follows; 

t-Wi-rliiv a [inujii! itiffl* nil IkiIIi sliJr* of the EqttfllOf tlpp qiAL.it ini \\\if wwn 
their pmjlmnm uf frHiuuiii'r i:< tropical and subtitle*! ngUmB They 
wall ink' to tv euiWmto fur Hiniii* tiS stm n«-t.- Into the tempera (*- if mi*, whh ilimioltth- 
-njr BerurUy and CmpUftCj nmramte the (nE^li^r IntLtnriefi; In i^dmle they 
istpI Infrequently HiijNtflf ytt lb enter rvgluiifi: urnl, J:i *!MI wider dlffitf Inn Willi the 
rbararitT vt ii {iftEnk'Mik'. LN->,imi Uu-** uid]jn.-Eiuua taiiuutes. 

Hi raid) fallows this with page* dLserihiiig the various countries 
Jhrmighuni tlits world in which the dift-usc occurs and an vqiuilly 
exttfnsivv iU^iv^miii of tilts condition ts which influence the appearance 
of the discus^ and of its possible ■■mus** But the di&nUhians tttwl to 
nn Jinn! conclusions; and sn the words of Dunnuij writing in 1SSS; 
“As Crude 11 points out, mafariu exists on soils of every conceivable 
vnrioLy. of every age in geofugicu] (inn*, and it is impotable to point 
to any min*miogical or diciiihul cunjitiun* which am he nuid to 
fa i t^cnttal^ 

Hv hb discovery in 1BBD that malaria is eat£#d by u living puntdl^ 
visible under Ilits micro*-ope, Lave van, a French Army surgeon work¬ 
ing in Algiers, mmle an important addition to our knowledge. Mm- 
limit then ceased to be **u miasma/* u word indicating some sort of 
qinmriiitiun from the noil; the word was not exactly defined; and, its 
we have road, uny sort of soil appeared capable of giving nut the 
oninnation, Then came Uto problem. How dim this parasite circu- 
fating freely in mnuV blood past from one victim to another? The 
genius of Sir Patrick Van&M, who had curried util original wurk in 
China 01 * another parasite dreufating to the blond, provided a hy- 
[Kithesk, which if nut wholly correct provided Sir Ronald Ross with a 
valuable starting point for his researches in India. Hanson also 
gaveRc^ the most generous nmt selfless help in other ways* 

1 .Irtdrwu diO^ml fif aw^rtntf *f Tb* Hot"! ^tfrgri'hfcrtl Wirtr, y, 

1&I2. Bi'iii InT ,v 1 ht freni Tiw* l-oarnal, Wt W™ Nd, iprtP lt^3 

3^0 
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lij n letti.s- dii(t‘d July 7 f. lhl'7. to Sir Omrlns rrusHb:vjii:<", iidujii: 
him El.- intlacm 1 '' Hm- (huammmt of tudin [mi tUv^ Oti 
Bjitirii research, Sir F&friek Matiwm wrote: 

Mcrjyij ran IihJIjI lunlliili^. I' ll :* iJnamiLEid to-qUaEr* nr*- if il-v p r n tp 

n.jt i»iiiin n»l |jj Use Eight itiL-o A n Mil =jxii u In wurtli Uiau ali 1 tu*t* tm hi -jIm 
cL-mj: ir s^ymi* tfuti at tin? jirriK!u( tuoinoiH ftn : i|u Hr- :■ hi lid In In-I'ui to ^’Jrry 

un xularlfc invf^MpirinM, Tu tiw film It mofom m I osy* wm^f b«* a |inhHr 
CfllalnLEy. P , . Il VTf'll'l IK is *tfl=r |lUj 'f ft-- did her WliU'h Uimv j t -^-s, *• mC 
muklu^ A fitftoLiiijlliii mtMllj4.ii tu the pmtliutogf^i *iliau» AbuuLtl utu* lifttlo be 
lr-.’t to BtlfUiblUi 'l lire ClltUlUC * Hd3m tltflllY ItloSltTH 'L' 1 OtlltT JwlU * 1 “ ®f 

e . To oar 11 il I totmI * n -t cca+f, JX 1 i< ^ ■ J r ii il i ft w . very f i ■ yi\ of r do wi rr 1 1 nrfaJ 
oiEirariD^ in the =sclrti» v rtf the tiraSin^ art whirl Dan ■tgtuillfr'il rn -ui j-m», haft 

been mate by our cytuorrnsm, TM* hi parfScstacij onmrrut Id Ui# owner of 
Ceaptafll dlewmlii which w* shuald to tlrtiu? of oar except laanl cpfurtwiIiLeai 
t*- /.rr-ffi- jinni ' H- * - - But !□ tills matter ctf omiJirio hen* t» » chance for an 
ln^UtiiMi] to rc\fcmt41lrnip oar njitlimai diameter n ■ t| m [«iLnt out liter r*^t 
..f Eli# wur III I ■ w M il —ril W Lib I III? ifiM-hl | Elite'll I fins In VI>* wr^rlii— 

mnlw rln fUar.MHi-lJjLjir nuiJ AJr.'i.nk. JftTf. J 

Infinite imlifriLW k tnI Uh: burning energy of hisi gvmns enabled 
lUm to overcome innumerable? difficuttUSt and prove to the world 
6o met hi tig that, il! : 11 jlt 111 . u* z Man-no i[iiii> >■ \ ptv Ir. j ; fhi malaria 

parasite was put jtiif s«ctod up by Um i mtin f ulJi»riEi^ 

fr^in ilio d^i'TL.-o s nr ttAtiirfprml ims lismknily. TIu* pnnoitr strloidly 
bml in ilsr wall ■ i this mo>r|uiUiV stomarh; tlit- oir^j^rin^ of tjn- 
origin jv 3 pun^it^ wln-u mature* were uijrn;i« fl intn aholUnr man; 
tVio du-eosc spread, iin^ lii-covm'd what tire pnradtu loukcd like in 
all its various 'tugetf in the im>sqimu hh<I where iheso were to 

b>- found: I he piulonged reifCJkrdii\- ni*u pr[*v«d that unt i- v .ry mus- 
quito could InfoctxKl; only sumo vvidi \"AH on Mr WCg^ t Ini^r 
id rJit ifttai by cut ti iiidlogiattf an il r tajriW«« m (#qu iloetb The m ijts] u s s mb 
whids tuiild lint l-*' infeH* i um- Hm— pupiihirh drilled fiv/f-r. Thia 
wy 1 - a bifgtt step forwBnl; it c-c;!^iiftii[-tl one ■ rf iln- nuijor >Ji.- 

co verier ol rmilirirm, Tor malaria probably tdlta pm re people than 
any ainglo discass^ in thu worM. The fieiU" wbh now lor the pre¬ 
vention of malaria by striking eu the mosquito. 

The Eatdlcal profi^iiHSi in lids cofui etiori dii hd into two uomp^: 
in one Bomld Ilo>a; in the oiber th^ n^i of iUr profe^b.m* Rvt-> 
realised mmv fully than did Ids eollcagu^ ni ilmt time the line tlml 
would hnvo to bo taken if malaria wow to In& proven led* In alt ex- 
ccodingly able report to the (jowram^ut uf India he w rot^ that wbik 
il was not possible pi kill nju^jojtooe ci'oryivhore, ir would hr w to 
make n bepilining by ascertiurmig which of Eln> mo^piitocfi carrieiT 
innEtiriii nud wlvicii did ih>L N eiLlu r Boss nor aliyoue <i workiiLg 
Jit tie problem rcalisted Unit before this . uuM 1 >l .^nv^tvfuJ cui a largi- 
fcole aiid ^x.M-iully in rural area^, many mote y^: s ..f n^eordi 
w-mld be miuircd wiLh dbcovwy nt ii.i t-LuMng ixunfc. Kor 

diclanjuTih' tir iilm ,ii Rrttahiti IIve vnry irclmiitu^ wldr-b \U^- invented 






MALARIA— 1 tt\vrs OS- 


341 

was to mislead rattier than guidis. For thu truth is Ihnt only u few 
incrphah^ oairy malaria in nature. although rill nmnphek* can be m- 
ftx-ted in n Inboratnryj illicit imd* the prevention of malaria appear 
to hr- much more difficult than it oven hi ally proved to be- 

This paper must describe just what moeqtritfles curry mnaariit hi the 
mu5i t geographical arena, something «>f the very different conditions 
in which they Uvt\ mui the strtuigr ways we have invented t« rontrri 
ur destroy them. The story begins in Malays After seeing Malaya 
in im> Roes told the Committi^i of the Institute that the anti- 
malarial work done there wav Shu greatest -cmitAtv acliUwemotfi 
ever accomplished in the British Etnptre, as it was ab*> thr fin* 
ces$fu! anti in a hi Ha I work nirrird out In the British Empire, if not 
in the world. (Ann. Bfep; R"?st Inst, 1^27.) 

The Malay Peninsula : mainly of ranges of granite moim- 

Uituri, and coastal plains with fresh-wuter -wmnps fringed by man¬ 
grove with salt and hnfcckidi wab 1 ; all llirw airs covered by greet 
forehis. Man lives (bait- always hi war with She jungle. 

It wns my privilege to livfl in Peniiisiila from 1900 n- 39^, tu 
take an miive part in rawarth, and initiate the pnvrik*! work Cor 
die control of malaria (Watson* 1903)* In the part of the mangrove- 
forest zone covered by i-very tide, no dangerous anopheles 1ms and 
there is no malaria; but in (.lie inner pari, covered only by spring 
I hies, Aft#pkek* unihr'K^t.: breeds find carries maliitrwu If the man- 
grnvo forest be fulled, another siiophalvn api^arn and this *ww- 
i-omcr nisei earris^ malar in; briny it b railed A. mutism. Both 
mosqoitoes disappear when the swamp b embanked and drrimri. In 
1901 Port Swattenlmm w:v- save 3 from doenr* by mibanking, drain¬ 
ing, and oiling of pools, nnd a very ccroplrfo orguniimUrm for Thu 
medical rnre of the people The order to dose it hud actually been 
given by thr Governor, Sir Fra? j: SwettmhMB, 2 1 ■_» tnonEha after it 
was opened* lull wuh m i tarried into effect when all the facts were 
jful before him by my. 

The con#?tnl pUh n grea t swamps deeper and wider than any¬ 
thing in Italy—harbor A. umbtKmt* and are intensely malar:ah 
Here drainage, and selection of rit.es of houses half i mih? from the 
unrfrained jungle, gives 100 pumut protection against mnlm ra 

Attention w/tg next turned to the hills ufiari it v.ms not possible to 
get rid <>£ the upon|mto by Ihr sintpb method of drainnao. Hie 
coastal hills nt>% when under fureM* intensely tnnlorittl bccniis* .1 
umbrvwv* lives fa the valley®, while the inland hills are heal thy 
under hs-ju^t J. nfnhr^iu floes not live there. Both kinds 

of hill knd are inlemrij main rid when the fores r is foiled, hwmive 
yet a third mosquito appears in the picture; T. macula# tw, if lives 
in sunshine, and in even the ettH«pesi mountain streams, but not 
where the streams art- eovered by jimglo. This insect causes intent 
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malaria although there may not be a swamp within nilhss, In Malaya 
yearly death rates of 300 per 1,000 were not uncommon among labor 
forties on estates or on engineering Works Iwfore effective means to 
control mosquitoes were devised. 

Among the important dtsenveries In Malaya were Lh« following: 

Only 3 ont of some 30 qkmies of anopheles in Malaya curry 
malaria. Wo had to kill only the danger i>u* species to uliunp nut 
the disease; the otliers could bo ignored. This is called “species 
sanitation." (Watson, 1911), 

Many dangerous-looking swamps, including lice liolds on the 
coastal plains. M en? not malarial (Watson, 1911), 

In J914 I prepared a mi stun 1 of mineral nils which rapidly killed 
all itnoiilu'les in even faat-mtunng streams, bttt was imt poLsonniis 
to tm or animals. This solved a difficult. problem, the internm 
malaria produced by ?.t. ream-brooding anopheles- Tty mean- of this 
mixture malaria was rapidly brought under control over Urge areas, 
including rubber states, ai practically do capital cost. 

Li 1900 [ realized that Nature controlled tqiecies of unopikates iu 
^ reml i\y-, mid ih.it hy i minting her v-'e V'iuJd ■ nlrol malaria 
at little or no expense in many pjares {Strickland, 1915; William^m. 
193d). Tli is was sometimes unconsciously achieved Ivy the plan tern 
when they opened up the estates. Four years’ research on estates 
idmwed tbai the change of spectra that e^tnd from time to time 
\va« dm- in diangh'H in the conditions in tho valleys. When under 
jungle there wus oue -■ pecos i , L. n>ul‘rorti*) that carried malaria: 
when the jungle was felled am] this -tmini'- freed from grass, a now 
species appeared {A. metfmiatws) which also tarried malaria; in 
intermediate com! it ions of alto stream there were half a dozen species 
that did tint carry nintarin. The knowledge of how to change 
Vi-ftsu notable advance and is today the foundation of a great deal of 
antjtiiAJiirjol precautions in ken in so many parts of the world. Our 
researches also enabled us to know where to bouse the people, and 
thus dentils were reduced to 4,9 per IJX®. 

Another method devised as a result of later researches was inter- 
imttent sluicing which has a derma tiling effect even on mosquitoes 
that live in running water. Devised in Malay a, and capable of being 
operated by the Malay peasant, this method spread to southern India. 
Today in some of tins bigger stream* in the Himalayas there ary bat¬ 
teries of sluices. (Williamson, 1B33.) 

The researches wad many Invar lions for the control of malaria in 
Mulava carried out by tbs Go7enmu*iif. anil the rubber planters have 
thrown n flood of light on the disease in other geographical regions. 
So I Imvo spoken of it. in some detail. Of the work done in Malaya. 
Ihnfttrtor Swetlfiugrebei wrote in I03fi: “The principle forming tlie 
IniiO of malaria control in Malaya ought to be the principle under- 
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lying uniluria contmi in any cwmtry in tho world. Thai principle 
,>f malaria control is Malaya’s gn*at gift to the world” And in 1938 
Iib wrotv: “Without sanitation one feels Helplea*." 

In 1011 I was invited to organize the control of malaria iti .Singn* 
pore. Tho disease was present not only throughout the year, bat it 
caused a great annual wave with its peuk in the month of May. 
f lei ween 2,000 and 3,000 ijeoplt* died radi year as a itsult ol malaria. 
Ottt of a papulation of 230,000, Tnday the population is troblo Umt 
ligure. Yet in ISW0 the President of the Municipality could nay: 
•‘Malaria has been uljeululely starojwd out. It would 1* a very 
unfortunate resident who contracted malaria now,” tt lius been 
culculatiHl that all benlib measures, of which the moat important 
by fur has been the prevention of malaria, have saved over 100,000 
lives in Singapore in the last 30 yeaie. 

Of the value i?f she eombiuHtion of research and practical work to 
the cotnnitinily, 1 may <piote from an address by Eric M a cf a d yen 
(1036): 

Ha.] II out torn ft.r malaria anting Jlnitsa Malaya . rtuid ih-vlt hava 
io-. it 3e* i|jiili11^h<wiitt, On mhwhija ami nnujtf wlUek liars? 

lia imiural n-wunt^ tbe mo-Hfer (Ir^isins Dimita, ref>rc«EiiltiiK m\ vuitxj 
111 iiLj 1 . 11 m nHrUiig* wUitli muYite lls tin, h# mi nm-<* nf imHn.t ■ tiut 
q tllln- ..£ ihnrr HlfV^'lippinmiU inuiSl! t.i- miiJprt'tl ii.uU iii4)nr]n imutirii'tl 
U!.'.' <-rj( ri^h:tl, . . , The U]o?l hiftMit diu) lliust i witet lnrtrtl Uflttmph of tbtr 
Utm of ihx&e prSiLiliilf^ laan loH-i j the f -ustrucfLin of X Lie Hi |hj ro Navnl 
Without lublyrUi control lliT^ ynefli work must have cost ca-unHtsE If taita .1 

h routil Imxe been lumfitetod nr all To th* ctt> III of thr mJUtaiy uittW HU-* 
ilie htnlili ifltDtoUvm hits L-.iui Imudlni with mieli mwsc^* ituii the Jaj world Ikl-. 
uul kit-JWiL thorv yvan afu), 1 hew grtfal wiirfcrt lint*- tribal ferried uUt virtual Ij 
wllhatiL ufTixTltMc tin- y 11 uI TfUU&tb*< f SliigMfmm 

In IUI8 Icro^ed the Strata of Malacca to Sumatra, to meet I^rofra- 
eor SwettflugTOiwlg who ^ns t*« play a mosst importunt part in the ^in¬ 
quest of mu In r i a. In Sumatra, less than 1UU miles frwtn Siogo^-i^ F 
I fiiuiLil to my asUmhhment :i totally different muhrbl pirturv; fox 
the d-beosc was confined a..tmost eiuirdy to Uit- mnagrovt forest zone* 
with J. oii ilia enemy* Hillstrumus, winch would havi^ been 

kj cljuigiTuiih in tin* Milky wen hanule^ in Suumlnt- In 

vlava tlu 4 ! pidntt 9 it pwticttllj- llivs mm* uh-Unugh in Iwth their an? 
ocranonul outbreaks of diwtftfie uwiiy fxum the ooaat, tin- cause of which 
although interesting would iako too Imig to expliiiu. 

^uinaiiu is much less iKipuhttiiil or cultivated than Jaxtk, Indmt 
Juva b an alninsi ctmtinuoua sheet r>f wet rke, nf which it would prob- 
ubly he true to aiy that over 95 percent is f me from oialiim Sumatra 
uuii Java both differ in jel anotlier way from MnluyUn Tliey are vol¬ 
canic bliinb, belonging to the grmt volcanic chain fringing South 
nnd En^t AAia 3 invlmling also t he Celcbee, iha PUH®piJies t Formosa, 
and Japan, 


3*H ANXCAL ltEPOKT SMITHSONIAN INSTITUTION. I 0*2 

In British North Borneo, researches, tint yet wunpleted and not yrt 
published, by Dr. John McArthur, whom i am proud to claim as a 
pupil, indicate ihnt the dangerous anopheles of Malaya may not be 
carrying the disease. A. faicwp/iyruf, a mosquito tlta.1 li res at lUe 
headwater* of streams in dense jungle, luis boon proved to he llie im¬ 
portant carrier in nn intensely malarial area, it rimy be that merely 
clearing the undergrowth, and allowing cattle to keep 1 1 to undergrowth 
down, will eliminate the disease, at little emit to the poor mid litilf- 
starved inhabitants. 



Fwtnucl,—Mean imuidilr d<»!li rats la Rluanfuire ftuns nil euuses. 

In the Philippine Islands I lit* picture changes again. Here, as in the 
coastal plains of lli>-' Alal«y Peninsula, Javn nnd Borneo, Siam and 
Burma, thorite fluids art* healthy. In the I'liilippim* Island* Ilia man¬ 
grove tuiut is uLv* healthy, iiiililo* Java and Sumatra. But along the 
foothills A. minirttuk lirecdn among grass in rlowly moving Hear water 
and produces intern** malaria. This mosquito is one of the great car¬ 
riers of malaria, for it carries the disease not merely in the Philippine 
Islands, but- extensively in the continent of Asia: m French ltido* 
China* in Siam, on Lhu Burma Road, and not least in the great Assam 
Valley of northern India, To it l- due the deadly Terat malaria anil 
blackwater fever in the aria along tin* foothills of tin* eastern half of 
tit* Himalayas in Imlin* Tin* brilliant researches of G. C. Ramsay, 
Deputy junctor uf i In; Ros, Institute ( 19 J 10 ), have proved this. His 
equally brilliant prevention of the dieottsu is not sufficiently known. 
It bsheer white magic to wipe deadly malaria from u valley by grow ¬ 
ing a hedge of wild rhododendron or wild privet over a little stream, 
without interfering with the growth of Iho rice in the niun* i-taguunt. 
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waters of the valley , Tmbiy thme me ^mie 5,000 mi lea of these hedges 
in India. 

There lire in India smut- 40 species of anopheles, only a few of which 
curry malaria. A,pk&ppiMiwk causes devastating mnlaria in Bengal 
iu areas protected fftim river jIckkLs hy embankments. hut is impotent 
where the land is Eubmergod mch year by floods. The devastation and 
depopulation resulting from wait's cflorfcs to control ihe rivets must 
he mut to lie iMfUei-ivl: hundred-- <-f lUiianmlj? of acres in jungle and 
a million lives Just, In the Punjab .1. evlicifaew produces great epi¬ 
demics. Fortunately the lust boil one was in HM>8. 


Fiuiv t--iwi when- 4. minmuM U UimuTut tu ttie OxitlillU. 

Of the grenl work in improving Lite health of their laborers and 
European staffs curried nut un lea, rubber, jute, and die mining Indus- 
tries in India a brief hut ioitmssting account will he found in tile last 
Annual Report of Committee of Control of the India Branch of the 
Reiss Institute (Calcutta, July 1141 }, Extensive work in the preven¬ 
tion of tint tart a is nuw Iwing earned out by the Imperial and Provin¬ 
cial Governments in India, Iwitli in towns and villages: I know of no 
country which in Lhe last Jvcado baa dune more brilliant, scientific 
and practical work in preventing malaria Limn India. 

Before leaving Afiin fur Africa we might just gimme al malaria in 
Ceylon. There was mice a great civilization hi Ceylon, which was 
destroyed by wm some 900 years ago. The Indiana mine to tin- island 
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and drove the itihiiblCants, not for the tii>l time, away from their 
vulture, their rice field?, their lovely arehjtexture. and their earring. 
Anopheles killed the people whenever they relumed and tried to recol. 
<ini2e those areas. In Ceylon them an 1 many monument*, hut the 
greatest ia tli» ancient irrigation system, In every river there an =t 
large number of dams holding up tin,- tv;*ter - that is neot-tsuiry becutiiye- 
•t is lint unusual fur 1 here to lv lias than SO inches of min n year over 
two-thirds of Ceylon. In I934r-3(i an epidemic of malaria killed over 
00,000 people in a few mnnths. 'Hit cause wjig a drought; absence of 
the Min^ of the rivers allowed , 1 . cutieifacU:* tu b«wl in profusion. 
It ta n jhjCviil carrier of malum in Ceyluii. Today an organization 
created and operand by the Government and the estates working in 
clos** cooperation would prerent such a disaster occurring again; 
indeed a recent drought even more severe than that of lttJM-85 ha> 
failed to produce tu epidemic; very encouraging, hut not unexpected. 

In West, Central, und East Africa there arc two great carriers of 
malaria, One, A. gnmhUnf, lives in sunlit pools of still water; a wafer 
current is fatal to it. The other, A. /uoi i/i«, prefers slight shade, 
Tightly moving water. Dim»< fthmfc blots out both species, tut if hWt- 
■Hit A. rtuwulahi* tJ) Malaya, and A. tmufaiu* in India, Ou the o[*-n- 
ing of the great copper mines of imrl horn Rhodesia, the population 
stiffened from ms I aria, black wnter fever, dysentery, typhoid, and other 
diseases. The personal interest of Chester Beatty and hi* col leagues 
and the oxer!ions of the local stuff have, however, been so GUeeeswful 
that, the health of both whites and African employees compares fa¬ 
vorably with that of the Panama Canal employe's, anil that is not a 
tow standard. 

Livingstone wrote in Ins missionary travels that the Lower Zambezi 
w«!< the nun ma lari ill area he had visited in Africa, and that oven the 
Portuguese suffered from the disease very severely. A few years oho 
the grant Lower Zambezi hridge wits built across the river. Tlumks to 
thfl advice given by the Rose Institute through C. R. Harrison, a m>-ro- 
brr of the staff of the Roes Institute, (he work was carried aut with a 
minimion of sickness, Actually only one European out of seven wml 
down with malaria. (The TSste*, October 31, 1934; Dixon, 1933.) 

Tlu'i'o i> soma reason to hope that researches carried out by the Ross 
lost it tit*' on min'-- iti West Africa will ujam a new chapter in that 
area. Unfortunately malaria is widely spread through Africu, reach¬ 
ing «o utii fn Durban, and north into thn nase? of Egypt, Libva, Algiers, 
rind Morocco. In the equatorial belt it i* intense; it rises even into the 
highlands of Kenya. Eairobi itself at 6.G0G feet above rea level is not 
free from tin disease. 

Of Panama, you all know thn great triumph of the United States 
Government, guided by tins genius of Surgeon General Gorgas. The 
French failed bceuuse they lintl not discovered how to control malaria 
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<>r yellow fever. Success in Panama and Malaya came became Robs 
' lid not throw in liis hmul in the early days and because Sir Patrick 
Maiisoiu sci to apeak, sustained Ross4 hand at a critical period. In 
191»> the Panama Canal represented the greatest engineering and 
medical triumph the world hod seen. Like so many other great Liangs 
it was so misunderstood and misrepresented, t hat it almost became a 
Stumbling block, and the. honor of starling lUititnalunal work ill lht> 
United States fell to two uonmcdical men: J*ro(rowr Henna and H> 
F. Grey working in (klifonia. They begun in 1911. In 1916 die 
KockcfelW Foundation, after sending tiro dktingukhi-d scient i*,te In 
study Malayan methods, took np tile prevention of malaria in the? 
United State* and has given n great lead to that country. In passing 
1 would mention that research unit practical work carried out on tin' 
j-eservoirH of the Tennessee Valley Authority have developed a new 
method of controlling mosquitoes. By raking and lowering thi> level 
of the reservoir* a potent method of controlling annjdwli s’ has been 
ileluoustratcd. It acta by stunting vegetation oil the edges of the 
reservoirs. A, quadrimoixiJatm is tlie main carrier of am In t in in the 
southeastern Stales of the United States. 

All hough A. vuivuiijHrtnh is I o be foantl throughout. Europe from 
the Baltic tip Cain- Mutapan anil from Spain to the Caspian Sea, 
malaria is to bo found mainly in the Mediterranean region. For over 
2,U(I0years malaria defied all man’s efforts to reclaim ami cultivate the 
Pontine Marehts. But within tile pail decade. Mu^oltni, by destroy¬ 
ing til® anopheles, ha.* colonized this area; perhaps this will be hi® 
greatest, or only, abiding claim to fume, f remind you though that 
2.p years car 15 it wr had in lllulaya tuamign] to accomplish bigger 
things in bigger swamps. 

The Dutch quickly grasped the significance of the researches in 
Malaya on malaria, and when he returned to Holland from the East 
Indies, Professor Swdlengrcbcl, with the aid of his colleagues, carried 
out some brilliant researches. They showed that there were two race* 
(or species) of A. tnaettUpennk^ one of which bred in brackish water 
and curried malaria, the other which bred ill fresit water mid was 
harmless. Til is was the prelude to researches in other parts of 
Europe, w hich split J. tiuvu/i/t, r-niv into six race® (or species) only 
tioim* of which carried malaria. This explained many anomalies. 

A couple of hundred years ago malaria was nut Uncommon in Eng¬ 
land, in low-lying area? like the Fens or the Thumeri Estuary. Indeed. 

I guidon itself was not free. Bui drainage and reclamation of lain I 
have wrought hi many changes ibid w hen malaria wjw implanted in 
Engl an it in 1917-JB hv the soldiers returning from foreign hind*, it 

died out within 4 Years. 

■ 

During a visit tv* same of Cluster BeuttyV mines in Serbia, I took 
nn opportunity of vidluig Salonika to nee nn area in which according 
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to the iiftkinl history “inillisrlii jofniti nted ihe medical mid military 
ftituatjon^ THifc medical ditturtm bad com* from two anopheles, 4, 
m/iruiipofinU in tin* swamp*, ami -4. in tb« liills* ted a 

failure to control them. .4, fitfiffiwitit I had alrwuly ‘- ,, en in AlbuM* 
and e«slk Serbia, It breed* among stones in sknviy muring IUU 
streams. Its distribution i® extensive. It hus boon uientitmcd in 
Spain and north Italy- Dm it is the great carrier in Stdljr, Uidmalia, 
Yugoslavia, Alh.iiii,.. Mtu'ctluiiiUf OrpfcCj Bulgaria, ihritS) Adilfllisi 
Cyprus, Caucasus Tran?culJe*m, Cilicia, Syria, Palestine. Sinai, 
Upper Mesopotamia, Turkoman Republic (tniuaupU), Cossack 
Republic (Tashkent |. Ikikbttw, I’crtua, and hutfhwvjil India. w® 
tend the unmeet which I have taken from a bunk CJI tba anopkefcft of 
India (Christophers, itttitt), we are rgni odod of the rietorious umreli 
uf Alexander the Grtml against the Persian King nnd on to India, 
Ytm will reawnber how, when lu* army refused to go farther, he 
tailed down the Indus and up tins Persian Gulf, and how ho dud at 
Babylon. 

Tin- «*i4utai l 'Hi uf (lit* wttlu™ii}'-< n-'iimt about Hip utiiiil ru WS* At, 1 * muter'** 
LiuiimlLa.lv mUi hu illaceiwiy ot tfw pmonmO wnuoctfen of the Ouriaa 
wKJl 111* tfofllnwn O’' in, Ihu "j oniujj *>f n jiiiiriUtn,- mU»- fri.iu iLiibyhia '*> 
Ksnit itmnii Afnhln Tli>- tatter tyilerprUw ittaamipr to puuto-t In 

pmnn; aintnf W*■tjpenUksH imi* iirefHtad In Babflnn an Imawm* toil, a grunt 
Niiin iltig utii tu ismtaJu hup i lieii.minl ulilp-, and rhir water comiiiunlratuiu.,, nf 

Bahjlon inkmi la liarut I Rnefi. Brit., 14 ih ihI,, p, ST*' i 

Ttie excavation Ilf earth and the aggregation uf laborers aiv twU'ri 
oils antecedents of an outbreak of malaria; for the eaten vatu in? @*lb' 
mosquito-breeding places and the hiboiera supply the malaria para- 
sit(#. By then it wan the month of June, when malaria, as we found 
in tiia Ju’t war (Christopher?, 1921) is in full blast. So we art? nut 
surprised 1o read: 

At huil oh wo* r*aity: the awb uf ihe month Bawimt {? Jim* OJ wu* ted for 
tin’ king's xciiiiia faith. On the ISih ami 10Ui Alnaufler cvteuwtiJ ili-v mtu (Itt! 
hIijIit nl tbi< hoofcu i-f thv fni'iinrli" Merlin*. On lh<' lTlh h- 1 to> Lms*! f,- v-<t; fur 
a timi- Sip tt%4Utl It 'll II Bh«T|rflt*t 7 ||ujm"I uui'a'I Lu tLu -llll.-D i uti 111*! ST*Uk 
l,L, ijwi’ctj wju lirvt u, tiiiililu’ Misriilunlini rtiHiy na« Hifttrnil le pnE*. man b 1 mao* 

iiiT'iuifli hi, eouttuber U> hid fiira fhrowvlli ■»« tin 1 aHth fJ am 1 131 xUe**tn]nT 
ilim). ftHocrri Brll^ lilh vd-, p iHtLj 

r Hi« fever may have Iveii typhoid; but it all euggtfts jujjl'ii'ia, 
Quirdne wa* unknown r , the Gnvka. If it were malaria, the spook* 
iJrnt infected and kiilftl die victur nf so many figlitb would prwbnlily 
be, not 1 , nqprp&fo^ whic!> is confined to the submontane regions of 
MeaopotamiE, but A. ntcphtwri. This is the mosquito whicli Hoes 
thinhu wum the one be Ht^t iuiccLud with mil I arm in bin little labora¬ 
tory at. Secunderabad in India, 
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Bkarims are dm rtcd about the character of Alexander, and 
whether this intrusion of fireck arms and philosophy into the culture 
and religion of the East was oil for the test, That I am mi compe* 
tent to disc uss. Nor need 1 spwulata on what difference it would have 
made had fever not cut *hun thr life of t im conqueror, and whether 
ho wottid have become ait equally great administrator. 

But there U no difference of opinion about the debt mankind owe* 
lo Ron aid Bose. X have told you something of how our nation has 
employed BW^ discovery. Much still remains to be done to prevent 
tropical discuses. Then is still much to be discovered about- malaria 
and its prevention. But fat eckniilk research and practical preven¬ 
ts on of mu lurk from 1901 to the present day, the British have given a 
dear lead to the world* 

Though they ha vis not done itll T they have done something uf what 
Sir Patrick Mnn?on urged. I think we can justly claim that the 
British have not been unfaithful to their trust. And if we turn to nn 
impartial witness such ns Professor Swellengrobel we have his ansur- 
nnco that the work done in Malaya hm been of groat benefit to the 
world; without what has cornu to be known as “spedcs sanitation” the 
fight would luive been hopeless. So that Matsyn, in this time of trial r 
can fed that the hag achieved something of lasting benefit, 
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I Will. 10 plAtM] 

Ilia plniil family BromdmtVHC—the pineapple family—comprises 
mme W) genera with more t ban I known specif P_IO of them native 
to tiit? Americas from Panama north, and at least a dozen native to 
the United States most of these in Florida. Although these brume- 
liuds t as i hey are called, are m yet tIt tie known in the States, neverthe¬ 
less! until recently it was thought iu lie tins u largfcd family of plants 
tu Ih ■ wholly confined in origin to the New World, 1 " 1 Now, however, 
une species of u /^V^iVwivi has been found in A frit a* This is tile only 
rejmrt of Bromoliiuicac imth® nuukle the* Western Hemisphere* 

The most complete and ouOrtuwling botanical contribution to the 
knowliHlge of this fnmily way. the monograph by Unx published in 
Germany in 111^4 -^j. In lids muntry, work on the BEomeHuccae con- 
Lijmjufii in the able ha nds of Dr. Lyman B, Smith, of i3ao Gray Herbarium 
at Harvard, who is now iveoguD.ed aa tliv fori mn-l authority. 

WHERE TEIK ItRf^fEUADS UKU\Y 

'Hie range of the widespread Spain hji {Tfftand&ia tmtvide*) 
murks the outer Imundarics of thb interesting family, which extends 
over all the tropical rind subtropical areas of The Americas. From 
south r-u&tem Virginia Lhrongh Gent ni l mid South America across the 
Argentina and from Chile up as far u« Daju California, lid® enfiRiu- 
poiitzin group of plants hoe spread itself. 

The wide range of brorncliads gives them versatile growth habiLs 
for they are happy In the ilr^rr, hy the side of tin* ocean, in the wet¬ 
ted jungles* in full or pari sun f and in complete or partial shade, and 
they grow on almost anything, including the smooth or rough bark 
of treea, on rocks, in ssand. on cacti, on palms, and mm clinging on 

l£mUb, L. IL. U*fe|fTfi|h£i|;uil #iJ4*n&9 m llMB Ilun (U ■voJliUun in lb* |1 r at- 

St*Rif itrtlr H*l. Ift&rt)., Ed. U U«ft *. i> A IT. IV3#. 
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telephone wires ss does THIofuiftia turn#<ridf* and TUiaud^n murat/to. 

Jluving collected! bxumeUads in Mexico anil Cuba, Mrs, Foster and 
I found imaMtjUe the op port unity to collect rhrm in iltc jungle* td 
Brtijsil, home of the greatest Dumber of bnuneiiad spcriis. Accord¬ 
ingly we sailed from New York in tV spring of I98fl, hut when ire 
landed 2 weeks Inter in Brazil, it was fall boluw Iho Equator. 

While waiting for our permit, we look several short collect ing trips 
near Rio with Dr. Thirthu Lutz, hniaiiUt, who is making an intensive 
study of the flora in the Distrito Federal. However, lirr work is not 
conJliL-il to botany, for she ls an eager student of zoology with partic¬ 
ular interest it! frogs and, with her father, the kite Dr. Adnlpho LuU, 
l i«u nuuie mi (landing contributions to the knowledge of frogs io 
Brazil. While collecting with her, we developed a new interest in 
hromuliads—that of the fauna, particularly the frogs, that live drop in 
the centers of the wqier-filkd brometiada, ifiMii that limu oh we 
found tin' study of frogs to be an interesting aceominuiimimt to the 
collecting of bremielinda. 

Our first collecting trip in Brazil was prophetic in that we found 
our first new species "f liriiJHilead*, tor we later i*b tired that this set 
the pattern for our whole Itriiriiian trip—vie were always turning irp 
new specie. Our total of over 6« {with more yet. to l* described) 
was ti- much of ii surprise to mi ns to tba botanists, e quid ally Dr. 
Smith, the bromcliad specialist. In t lie thousands of herbarium sheet* 
fmtu llra/il which he had -xn mined in the past 10 year*. only m-« 
hroinriimhi hail shown up from that country. While I bud hope* of 
finding n low new species, 1 did not «p«t to find very many bee*nee 
this family has been well collected in Braxil. nearly one-tliird of the 
known speck* having been found wilhin it- confine*. 

Our “safari” numbered two. Our equipment was meager: two suit- 
eases, two omcnix, ,i herbarium juct?, and a gasoline stove, 1 ho mo-! 
important factor, however, in onr equipment was our limitless ptithuai- 
f «TYi f,, r the fn .:hinting family of Bromeliaceuv. 

Searching for bremdliidis Las taught us many lemons in topography, 
for Brazil in u land of contrasts- It includes extremes of weather and 
terrain. During two winters of some 12,000 mile* of Lrckking by 
water, rail, auto, and on font, the hromidiaiis tf»k us into almost every 
kind of condition that that great country hits to offer. One day we 
were in the rainiest jungle of Brazil, at Alto rla Scrnt south of Rhb 
which Is over 1,500 miles south of the Amazon; and next we traveled 
m'Jirly u thousand mile.-- by coastwise creamer, by narrow-gauge rail¬ 
way, by ox curt, mid on font, through BaLia, where it hail not rained 
in 2 years. 

One doe* not have to travel far after reaching Rio to do a bit of 
plant collecting. Even within the city limits there are still vast jungles 
covering the mountainsides high above the inhabited area. Th«® 
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forests of liu* Sftrru Jo Mar, mom i min? AJong the *ea. stretch ffar 

miles both north and gOUtli, ami there it a wraith of rmilorkl for I ] n■ 

botanist w jiitIf l a comparatively diort distance of the coast, It is 
probably for this reason that the greatest iitirnlier «f hrottieliads h&Te 
been UktiCi from this area within ilie pant. half century, 

Strimgolv enough, one nf mir mopt pleasant espemnre* to Brazil 
was the visit to Alto dn Serrn, where we rnnld not roller! nny plants. 
It is a suncnmry whet- the balance of life is to he sacredly niiiinLainrH. 
Mali is not to disturb I lio plant, animal, or insect life in my way. He 

tuny coma Lhero und sets it tmfbtd Ifcafoi* his eyes, hut no collecting 

or molesting is allowed. Tlib is the gnat plan uf the able Dr. F. C. 
Hoehncr* of the Institute dt Bulimicn at S&o Paulo, whose sincere tie- 
-dre it to preserve for posterity a complete rain ferrat in one of the 
most unusual (dtuatJons in tlw world, Here is Brasil^ palest rain- 
fall. It is al the high edjgp of iho Soitl dn Mar mom Lining whirl i 
rbe abruptly from sen level. The worm rain clouds from over I'ho 
se& striking Hits cold mountain barrier produce almost continuous 
precipitation in the form of either rum or fog* Tins make* n poi f» rf 
home for inn uimrrnbb luoiatoftslovirig epipliyb,^. 

A vary comfortable guest house had mviitlj Iamhi bn ill here fi«r 
the tu'cmmurxlnl inn of observing kcieiitisi^ and we ware t»mplimeTit^i 
by being (hr* iirtt gu^ts to tisc if. Tills wu- one of nur favorite l S*ib 
leeting* .spot*-* where tvi- collected only phutogriLphs and runny an 
impression on tlie mind's eye of the luxuriant fantasies in myriad 
forms of plant life. Everything was doing its individual bit toward 
making this one of the natural lwaufy spots of Brazil, 

Wu were also invited to be the fin I gtaMs to use Dr. HutlmeV 
unique cmitkm T u botanical truck. It was a giant Chevrolet* rebuilt- 
so as to have deeping qunriera for sm t wiih ample storage space for 
sup plies, amt* lust of all, it Imd a limiting “nveif 5 where ;i huge pre^ 
nf fresh botanical material could be “cooked™ until thorough l\ dry. 
In this truck we experienced a truly delightful trip in the land of 
the decorative Piuheiro do Parana (Artiurarla hra^UkmU ) * 

Villa Velha should be as well known in Brazil as the Painted Desert 
or the Ibid Lands in North Amnticzt, but so far few others than natu¬ 
ralists ure aware of it. *01d City” it is vdled. because from a dH auce 
it re^*iuhles the skyline of an anriont Abandoned ritr. It h a ^xt^k 
continent in u >■V of vast 1 lling plains, M silnrt Xutmv lias f^r 
ceutufkhxfi slowly revesting tins marvelous work msanddmus width 
si nil tbs how triiiirjiii], dominant, in n turbulent ^cn of shifting sands, 
For miles we had roiled over treeless land to reach this Li roek of Eip^v 1 
Only the timeHsrved monol iths had vegernt Eon. They were covered 
with Areensmini palms plujft&m) and Araucarias (Lb.- Panmi 

**pUie ^4 cacti* ferity orcbkbi, and bromeliads livitig i_o every crevice. 
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hanging on with urim determination its though they would not give up 
distil the n>cks themseW disintegrate. Every narrow canyon, dark 
and damp, harbored bromuliads of the more delieuto type, while siW^ 
braving wind, sun, cold, and hunt, were the xerophytic ones. VUU 
Vcllia is a botanist's and pxilogist's paradise. 

Till-: [Utl.llJEtjlAl> imBAtrtWttTSTH S 

WJu-n yon enjoy iheanret, juicy fruit «f 11 pineapple, you are eating 
a bxoawlind, Ananas oonnwtw (ifliW), When you sink into a soft, 
weU-cuahjoned automobile sent, ihc filling responsible for your cam- 
fort may Lie u brcnneiind, TUhiTuhln wnumdf ». nr Spanish mass, Tu 
manner of growth tlu'stf two represent the two extremes: the pineapple 
is Strictly lemadifl^ while llio Spanish moss is wholly epiphytic, even 
going so far as to dispense with roots. Between these two extremes, 
hr omul in ds exhibit a great variety of plant chawitenstics. 

It would not he difficult to -iinniti- that these two forms might lie 
the latest fievelopincni, etidt in it.-, own type <>f fruiting method—-Hie 
iippendaged-sml ty|n' (.represented by the Spanish most) and tlui 
berry-seed typo (represented by the pineapple), J ho pineapple has 
had all its fruits fused into mm big ^bciTy.” No otlier fruit-licaring 
type in this family has the individual berries that hold thft seed more 
(corpletely welded (hall in (he pineapple fruit. On the other ha nil, 
die Spanish moss, with its npi>endflgcd seeda In a pod r grows with such 
a fusion of leaves in one continuous growth that there is no evidence 
of roots (which, I believe, have been absorbed) nr of the usual maturing 
of individual plants, eh&iwjJteristics which probably make it the latest 
development in the np[«un!aged-seed division. Wc might say Hint this 
“freak” of a plant is certainly the nnr-i modem, for it travels entirely 
Ijy air. 

The bromeliad flower jmitern is formed in.Itiplw of three. Its 

U'Luers generally arc formed in spi kes or ran-m** with brightly colored 
bracts. In the botanical descriptions of this family every flower has 
been said tu be monoecious nr perfect, even though in some of the blech- 
lijir. (of Mexico), the flowers of which have both stamens unrj pistils, 
only mio of them functions. 

Ait ciCi'jiiiou apjrtiarod during January HH2, when I observed thut 
iu several of the species of Onjptanthn* the flowers were nut monoe- 
rious, hut dioedoue, for there were separate mule and female flower* in 
the same plant, (One of mir Crypthanthn. sjieciea, not vet ih [ymnimd, 
however, How have all perfect flowers,) Tins condition of separate 
sex flowers has apparently not been noted before, as there seems to be 
nn recoi il of it. in the literature. 

Flower- throughout the family range iu size from tiny, almost, micro¬ 
scopic blossoms ns In the giant Hf>hriihrr>na irugmtfo, in which the 
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minute Rumens even hide U»® petal* to the largo. My blnc-Tiokl 
flowers 2 inches in diameter of rite TMmd** LMui of 
Flowers that stay open for several dp are the. except .on, 
exception is the flower of a new nod as yet minamed A* W.a I foi m 
in Brazil that opens after midnight; » hour* Inter th* ^*jwj 
Win to dissolve into the sweet nectar already formed at the punanUi. 
Wlilie each spectre hns its more or less regular WooPung period, 
by run*fill and pereifitwit seareh found » great mimiier of species 
blooming out of iheir “time" fetsom* unknown nm 

Along* with the variance in flower sir** #** « pcculmr range of 
odors; the white (lower of one of our new species ( ****** AtW ™ 
'tuefl' lik- an mi ion, another ( Vrktia vu} } »M>'■*), like a tax. Some 
have an exquisitely sweet perfume ns in fUbnrfn* °J [!' B 

fresh fragrance of a ripening apple as m the unopened buds of ths 
new KnUk tfnefrw- When this flower opens, the fragrance dia&p* 
|MR . The majority of bremriind flowery however, bm iM* fir* 
prance. While the flowers, it is agreed. generally produce the odor, in 
thT res' of Atchmta jnirpuTtwoM 1 have found that the entire 
inflorescence independent Of the flower, hm o "toilet soap frngronw 
f t) r weeks before and after the flowers uro open, as well as during the 

blooming period. , , . , 

Tin- color of the flowers covers the entire range of the q.rctnim, but 

the predominant hue st ems to 1# in the lavender to blue range, although 
white, vellow, gr- cn. and red art* frequent. Most of the huM 
are colorful during the blooming period but not always \*e*u**of the 
flower?. Many species have small and l ^.^ 

colorful red bracts or leaves surrerotiding thorn will gi^ tlm m« iv- 
rente the brilliant and dualling display so much adirnml In »> 
Bpcdra as. for example. €ryT*<mthoy*i* Wflita, the entire plant 
turns scarlet at blooming time, but as soon as the flower? have bmsb« 
their mission the color of the Ib *™s fades away mid it bwome* JOM 

"5 ITJT nnrKeowgeUu tm ™ IX W* «* «- •* -- 

iu the wide cup bracts for months, iiiitil after the seeds have matured. 
But seme of the Nidulariuunl that ho colorfully surround tbtfr lavender 
flowers with a rosette of bright red bnu** gwt »P that color after the 

last flower ia gone. ... . . T - 

The fundamental motif of plant form in this family i- ■ whorl -f 
leaves forming a rewtte. In most of tlir terminal bmi.ielmds the 
rosetto form is obvious nod resembles to a cernun extent Hie familiar 
pineapple plant. In many of the epiphytes, of both the Mte oinI 
tubular form, rile leaves are held bo securely above the base that they 
become most efficient reservoirs and hold rein water constantly. In 
many of the Tilbudria? the rosette form is dm* and ihe leaves are 
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Ikcduu! suBiuleiit, but when the plant is uttavlwil to u irw in (lie jungle 
tlif> food comts from al*ove„ und the hard and wiry roots ure used »niy 
for holding f;i.-L Many of die hpomaiiide it i t 1 undoubtedly versatile 
unungh Id gel their food Lhe easiest way, hat tk* more highly epiphytic 
types have upficiallwsd to such an ostein tun I gone bu long without root 
feeder that they trirnp ly cannot utand ’‘wot foot" or roots smothered 
in a heavy soil, for they promptly rot at the bn a. 

Those epiphytic hr^T»flin<b which nut in the jungle accumulate de¬ 
cayed vegetuhle umltfr in rhe iintcr cups fun-1 have rain water to make 
the food soluble, and tJmse lntundinda width have neither center cups 
nor feeder toots, such as many Tillandsias, also need rain U> help 
assimilate their food from the dost particles of (lie air. But in the 
ataente' of ruin, the dew collected daily in tlic iielteta scales thnl cover 
their leaves enable- them t j » live for mouths w ithout min, attached 
to u luiih ortho perfMmfliclllftr tide of a rock in full sun; thus they are 
true xerophytes. 

Although Ttlhuidsvss suds as T. iwroltk* »m| T. tte<xmfwitu will - 
certainty grow profusely without the aid of route or any visible supply 
of food, the experiments that 1 hove carried out anti een conducted 
have convinced me beyond urn doubt that most of ti" bnmteHfcds must 
have it source of food other Lluti just air and min. The plunte wilt live 
for aonte time without proper nourishmenl if toil exposed to too much 
stiii. but they certainly will not thrive, especially if they are suspended 
from wire* us was done in tm. experiment in BriiaiJ to prove the theory 
that they need no food other than air end water. I have east) these 
plants then?. They hang on wires anti hook-, hundreds of them, mui, 
vt-s. they were living:—some of them—but they warn gasping pitifully 
for existence and wore dying one by one. Tins only happy utMS were 
the exceptionally few types of TilUndaias that really can u dn the im* 
possible. 11 Even pineapple pin rite wore lmng on wire, but I assure you 
tliat they would never bear fruit, Each plant hud litorally to live on 
itself,gradually gett mg fanall r and finally drying up. It was a terrific 
endurance test and, except for some uf I ha on-hid*, 1 know of no other 
plants that could liave heldon so lung. 

In the Hold 1 have found isolated examples of “nutuial misplace¬ 
ment”: pineapple plants and pi ante of Btotiu ho r/w. both tel lUbhlll, 
whose *eeda undoubtedly were dropped by birds in the boots of a palm 
high oir the "round- However, these plants wore nut happy, nor were 
they hearing fruit, but were gradually growing smaller. 

That terrestrial hromeliads also tend to feed through the leave* has 
been shown by the commercial pineapple growers, who hare found Unit 
fertilizer thrown into rise base of tins lower leaves is nmre readily taken 
up us nourishment and produces faster growth than when it is dis- 
trituited only in the soil sumrandiitg the plant. This is an filustre- 
lion of tho tendency of practically the entire family to be able to feed 
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to this, geologically speaking,, young territory will produce interesting 
new species. 

In the great primeval forest at the Cacao Experiment Station in 
Agun Preta, Bahia, we found a luah jungle garden, a plant paradi^ 
for eager collectors. Great masses of climbing begonias startled 
, 13 . Philodendron* of fantastic shapes and design blended in an 
ornate pattern with Cnlathcas and TradescaiiLiaB of fancy foliage, 
and ferns crowded every available opening on trees, rocks, and 
ground. Many areas were almost impossible hi walk through. If 
ira were not being tripp’d by stout -orib) of lianas, thorny leaves 
and treacherous small palms were always reminding us of the things 
on the ground and interfering with our more ethereal aspirations 
of inn king for the epiphytic lieauties a bo re us. 

Thera iti the “upper strata'' wo found two huge epiphytes, both 
new species. These phinte. Atchmea conif era amt Aechmea tic- 
y/n’jnff, were giants ait,ong epiphytes. I ho flower head alone of 
Aechmeet conifers weighed nearly IS pounds and measured IB inches 
in length, resembling a huge pine cone. This plant was reposing 
serenely and securely in the crotch of a limb over (jo feet from 
the ground. Secure it a™ until, with the a^istaiiw of three human 
“uioiihevs." wo succeeded in loosening it frmn its aerial home and 
with Toivs lowered it to earth. This epiphyte, including its several 
side shoots, weighed considerably over 125 pounds. From the 
ground fbU Aechmca did not greatly differ in appeorauee from 
Acchnuta ttepreM 0, hut the field glas=t? helped to convince me that it 
was another species. That meant another tough climb. 

To climb these huge trees one nuist resort to monkey tactics and 
not try to tackle first the tree he wishes to Conquer. A small tree 
possibly BO feel away may be the first one to dimh, for its upper 
branches will intarmcek with those of the larger tree. And so with 
the assistance of topes and vines the climber finally rendu'* the 
lower branches of die giant tree anil then all be has to do is to finish 
the dimb and get the plant, which may be accomplished in another 
hour or two. 

But we forgot all about the difficulties of getting it. when our 
thoughts turned to the perseverance and determination that a plant 
must have to be able to live perched at such a precarious height. 
With its huge reservoir to catch rain nud vegetable matter it builds 
a body heavier than almost any of its terrestrial cousins, with the 
exception of soma of the great Ptiyas of the high Andes. Tliese 
great Au r tunwa often hold from 1 to 3 gallons of water, which not 
Oltlv serves the plants themselves hut also Incomes a breeding place 
for'animal life and even aquatic plants, Utricularias and aquatic 
mosses and algae are often found living in owns species. In various 
specimens wo found lizards, frogs, scorpions, email snakes, cent*- 
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dowers? ft re present it is nbnost impossible* in identifj them rwrractly. 
being semh'tuxnlc-iu and very efficient set-op byte*, tliew pliwte with¬ 
stood almost incredible conditions. In cerium sections these fnruiid* 
able terrestrial Lii-udieHiid> jjtow in such profusion thnt it is el must 
impossible to climb the rocky elopes, for the plants ere os well armed 
with spin to ns any cactus I know—iu fact, they are often misfakimly 
coiled cnrii. 

Many of thc^f extram? drought-reci sting species, like most of the 
cmrti und other succulents, heva endured adven*o condition* for so 
many centuries that such conditions' hnvo become normal for them- — 
adverse only from out point oi view. They are conditions under 
which they thrive, und should the plant fell from h bilge or a tree 
to a moist, cool, shady spot, ii would probably die. If it did not, its 
growth w<iitlti In’ weak and ubnoimnUy fast. They Jmvo developed 
hardy i pi ii lit u- s and are seldom fount I in Lin* soft, shady places where 
tlie mnnt lender etaa auch as Vriesiaa, N] tin lari urns, Nwirrgylins, or 
Bitlbergias seek cloister. 

Dr. Smith beliotn - tint Aiya i*. the in'.'.’ primitive kninteliad, tud 
he is convincing in his argument tgaii^l Mst’# fonirntiim that the 
most prirnit ive Lrouudiml ts Aama. He soggesi s that probably I'uyas 
came into being in the high Andes and f hut their oilspring, meeting 
new situations, produced the various other genera. I, too, ^amuse 
that Filya* nrigiinitcii in Uts territory that is now the Andes, but I 
suggest (.hat they come into being Indore tin- Amies rose to iheir pres¬ 
ent height, and that a* tin* environment if* preannxbly responsible for 
creating the various genera, they developed from ancestors that have 
tiilce become extinct, 

But what about the gewni, morphologically eery close to P«ya t tltat 
are now on the rantern edge «jf South Alwica* such ns Gattcnd'trfa* 
fcuohoH’ luni, or Prwufipht/Uutn .now isolated on the Atlantic coast of 
lirazil't Finding primitive types of hroinolinds so far from their 
al paroute,” the Fiivms t-cette to indicate that iu early ages many of 
lhet» genera perhaps did not evolve from the Fayas hut developed 
simultaneously n= a result of their environment, /.Wiohrhm, Lind- 
mania, LOvteroeoh mb, and * '«U> ndorjitt aro similar in construction to 
pti’Ht, hnt that docs not necessarily mean that iltey descended from 
t*uya; they could have evolved from other ancestors n«w extinct. 

During tho period of onr two extensive l rips into Brazil we collectmI 
iu thnte extremes of count ry which produced the terrestrial species 
morphologically tunttst to the primitive sjficies of Pityiu In the 
Haiti) Gros» (ill the Bolivian Wdur wa vero as close to the "somce” 
us our trip permitted. 

Rising out of tin* vast mnrhe* in anilhern Motto Grosso was the 
strange maintain Urucuni, 2,f*00 feet liigh and 75 Jicrcent manganese 
ora. Dry areas were always pr&sftutmg themself® in unexpected 
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places Iti Biiizil, mid lids wa*. uno of tiiuni. Instead of th» usual moist, 
humid forest nit tint rriounUdnrides, we found it dty, dusty jungle of 
tauutm* nml dwarf trees through which far tifmre we hacked our wuy 
with harp facio. It wbs here thnt wo found Dcutetoeohnia 
that unique bromefind whow 0 ro 7-f>ol ftcuwer stem continues to 
tdnom for years from the same slulk. It grew as welJ on fimcstOlie 
rocks overhanging thn Paraguay Ewer hh on the manganese rocks. 
Unlike most of the brumeliads, this plant U caulescent. I have wu 
Overhanging the high rocky ledges jtpechnetu probably years old, 
with large, ridged trunks that gave them the appearance of profit rote 
yuccas. 

In evolutionary dc-rdrpptnfjflt Dvirttrocohnin is sa dose to Pity a that 
it seem* to Jut hut an advanced form of that genus “distinguished Iry 
rh‘ advanced characters of appendugod petals and woody liablt,™ 

In central (h.Exil, on the edge of the high plateau in (lie slate of 
Minna Gerties, we found either terrestrials that were relative? Ip f the 
pineapple ami close in tin - primitive form of Puya. This ia n section 
of minwi—gold, iron, and diamond, In every direction we could see 
Ute effect of tins vast deposits of ores in the soil, and at evening (lie 
purfik hare, mingled with rest and yellow glints from the suii, imulu a 
glowing spectacle rad luting earth euiurs seldom geen outside of a 
mining district. 

It was in this section that Glitz ion, ilia French Wani-i who spent 
Uni latter part of Ids life in Brazil, did considerable collecting. He 
was a hrotrndiad enthusiast. ami In his yearn of collecting he discovered 
lionie 65 raw species in this family, n greater number than any other 
collator had ever found. Ir wub interesting to find tunny of his 
species, and in a manlier of cases our specimens were the first found 
since the type- was rtiinwd. It was a keen satisfaction to 1* able to 
collect two new Dyckisis mid Hire? uaw Vnwitt? in the rather arid 
rocky areas of Minas GeracMi (with pramis* of still other undescribed 
s|wdfts tn the material nhlainej). 

In nviH Ilf these rocky areas one would expert to find cacti, ns in 
Mexico, hut in parts of Brazil most of the soil is acid, whereas the 
regions of Mexico in which cacti thrive are ollmliiie. So in Minos 
t terava carti were the exception ratlier than lhe rule. We seldom found 
bromcliads and cacti together. 

In wnitht-rn Brazil our collecting was confined to Paruiid, where 
cMhotirioult* was typical of Hie primitive terrestrials near 
ayif. Unlike other Dyekka, it grew on hare granite rocks on the 
Atla.nl ii* com.s.i at as low an altitude ns 6 fret above sen InveL Its 
species noiiir indirati^ how close ure the Dy dries and Encboliriums- 
i>»jAu<t eru'h^fhioidtH ia one of the few Dyrkius that haw developed 
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a trunk 7 or 6 feet long. Most ( ,f the Dycki*- increase h' s*" 1 ” 118 <* 
hide shuuls mid form lied masses of plants. 

Clinging to tl» granite rocks in a similar position on the Atbuitiv 
coast , but modi farther north in the stale of Espirito Santo, we found 
a raw EiuhoUrbttn* This, ton, had developed a prostrate trunk, and 
it might well have been named Kneholiriam dyekiord?** twit my descrip¬ 
tion cwnvitKtd Dr. Smith Hurt <>«■ name f»r the plant was 
EiuhoJirinm horridn^ for my flwh was badly scratched and torn 
when 1 cut my way over » huge colony of ilicrf 1 plains with I heir 
formidable, fit iff masses of barbed leaves. This was ihe fir-i species 
of KnchitUrivm to show u branched inflorescence, It wns the second 
new species in the genus for us, ns we had discovered our Hirst new one 
iu Babin and named it Fnohalmuju. Hochneoiutui in honor of Dr. 
F, C- Hoehne of Siio Pnulo. 

One of nur trips t<Mik iis into hnth dry and humid territory in 
Jtrihin, northern ltmr.il. I fora was * wide range of conditions, varying 
from tlic hot sands nf the sea coast, where we found mir new /jfolfon- 
hen/in tiU oral it < lo the dry caatiuga similar to the me$)uite lands of 
Mexico. In this dry, ahaifowlcss desen covered with thorny, hnoh 
regttotua punctuated with =■ few loll cacti we found the now Cryp- 
fantfotx hahioni". During our month there we added nine new 
species to the total from that state, including Crypt an thopds r.a- 
rbidfu. Of this latter genus only one species had ever been collected, 
and that by Ulo some 30 years ago. This interesting whorl of 
delicately spined, stiff, grasslike leaves grew in a moist- ravine in ex¬ 
tremely dry country, u habitat similar to that preferred by must 
species of Cryplanthta. 

Under I lie open, thorny vegetation wo found another individualistic 
broinelind, AVof jladwfa wiristKita. The dull, brown-green leaves 
of this plant with their vivid whitish hands look at first glance like 
snakes. In Brazil it is one uf the niwt useful brotoeHndl, having 
been u?od by the Indians for centuries—and now on a commercial 
«ale—as n source of excellent fiber which is stranger than *iisal 
and makes u cloth that is softer than linen. The natives rail the 
plant, cvmxz or rurtiguata, mtiues dial are also used for several other 
kinds of terrestrial plants that yield fibers. 

I nm convinced that the type of country tends lo produce, the 
change in plants that creates varieties and aperies, and certainly it b 
the adaptability of the brmHdhds l.hnt has made the family so pro¬ 
lific. Plants with this quality, like people, go places and do tilings 
and make the best, of a sil nation even if they have to change their 
color, habits, food, or methods of travel. Every hundred feet of 
elevation, and sometimes even every' mile from the era, one sees a 
change in the bnmidiad& When soil conditions, rocks, precipitation. 
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*ud Hlf CtimiitS differ, till' hriitiudinds which hate adapted Lhmnstilvps 
to changes will be dffflegi&t. 

It was f^iK-cittlly intewliffng to olidenre the continually changing 
parndu of speda* during rhe ascent of Mount Ititbp, which b 
nearly 10,000 feet high. At every ri^- of a tew hundred fret, new 
hnunelinife would appear, nml then gradually di»ppewr hh 
higher plant ftratau And yet one Frfrjftr and one started 

with us near the bottom anil Stayed with ns until we hud almost 
reached the top. But u - we pu^sud the tree lino p tlujy were 
left behind, ulthrajjh they attempted to stick it mt on the -ides uf 
*.nme of ihe hrgo boulibm. At the the ttpogiiru to wind and 
ofphl was too girair for them, and they relinffirished the territory to 
tlu> F rrn^c i iraimim^ the nmgB of which is rc&triotad to thU* moun¬ 
tain tap* 11 ie the sole member of its genus fefld seems wmipletoiv 
satisfied with its biota lion. It withstands fr oate *un, win A nnd 
drought ami requires only the modicum of food that can be obtained 
from small crevice* of rradta in the boulders 
Arckmm nudifiiuli** nn the other huml, hun not tann ^ilirited and 
has wandered all w ihr American Tropics. We found it in Mexico, 
( iitm f Irinuim], and Bmil; it is profuse in Central and South 
America* It liven in treefi or on roefc in t!ie coastal area and gen- 
rrally enjoye either Min or ahadn* With its range extending for 
rhuii>~JiJHk of miles, fta plant form and ite (lower do mil ahem as mnr.h 
variation aa one would expect. 

On the duoiowhMH mud duties of the Atlantic roi \$k in the state 
lv-pirito Santa wt lound another A ocAftir a as yet not definitely 
determined hut tm dm thud It o?osr in A* nudiwpdh* It is n gmy- 
brown, tubular plant, utmost metal lb in texture. It grew right up 
to within a tew yards of the sandy bcadi. Almu-d hy its ride we 
found ji new Portra with short, ififl IB-tnrh leave?-. Thl* aatnt 
P&ri&i we found A"mn gnawing mi mangrove trees in a s-warttp, 
jtift a few feet above the water, There its loaroa worn narrow, limp, 
and t feet long h Tht! stiff Ar'kin^a^ however, refuses to grow rapidly 
no matter where you place it, and while it does change to a mure 
Gfl£t in color in certain location^ its growth still remains 
stiffs and rough. 

An rampte uf what happen* to certain plants if the conditions 
are changed is found in Rmtrgm Afrytri, which 1 found in palm 
boats in harsh, dry country oil the western bonder of Slo lWo p 
where it wai nposed to both extreme drought and torrential raina, 
Wi- brought *nme of these plants buck with us* Those that 1 kept 
in full light and gave on water retained Lheir urijriiiaJ sluija*; tlia phuita 
kept in thf- riiade nuida rapid growth and producixl Leave* three 
limi^ tlioir original tenirtta When of this spi!cieg were plants]. 
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they germinated in 2 days; at the end of 4 weeks they were 0 inehfti 
high and ready to bo placed in pots. At 3 mouths of age they were 
glabrous, eitccnlentf gram aa grass, and showed no truce of resem¬ 
blance ( "ft most bromdlads do even yt an earlier ago) to the parent 
plant, which h n gray-browii, blotched plant with a texture like 
emery paper. 

Some of the flpede^ that bare n wldo range will vary to much in 
plant form, and at the same time hare floweia so much alike, that 
they would exasperate almost any botanist Again, thene nre many 
species^ wpedaQy in the genus IVS^/a, in which the plant forms 
appear to bo afino efc identical, but which have entirely different 
flowers, I suspect thuL many botanist have pushed by some of these 
more d^ely similar plants without reniicmg that iliero might bt a 
new species among thorn. 

I buve had one advantage over the botanist who collecLs only 
blooming or fruiting material. ! take the living specunwis ad wvil i 
the herbarium material, and the plants coming to bloom at a later 
date in my greenliouao have given me fresh maierial to l>e studied 
before the pro^-Ms of dry ing destroys certain characteristics* They 
have Jil^o given im flower material which X would otherwise not 
hava procured unless I bad made another trip in some other sea-usi, 

Fmm tine hundreds of visitors who coma to cmr Grchidario in 
Florida 1o see the plants wo have gathered comes an almost universal 
exclamation; “It must be thrilling to go into the jungle-, and get 
all those wonderful plants P They z&c tlac- romance only; wo f too, 
Lhjit romunco as wt look at the interesting flowers and plants. 
Rut, wo recall a!*o other tilings dial intensify 1 the meipnrles of 
tropica. 1 exploration—tlia bites of mosquitoes, carapatos, bklmus, trnd 
giant nuts, the etingr? of huge swarms of bees and wiust*.^ the pene¬ 
trating of amaa where malaria, yellow fever, or Chug^v tlitmsn h 
prevalent, tho difficulties of trn*is|mrtatioii T food, water* and shelter. 
And invariably the most beautiful flower is safely perched just 
beyond die point, that is possible to reach. 

And not the least of Lhasa memories U the preparatiQQ of thou- 
i±nmLs of herbarium specimtais. Tbr^o ^pec:imena may liave to bo 
made from n 14-puuml juicy flower head «<r From stiff, spiny leaves 1) 
feci lung. They must be presen i^l regard h-^ of the weatltep— in 
tropical rains and haul, or on cold, humid mountain tups* It is the 
Furmotmting of all tlte^e difficulties and condition* that produce 
the romance for our memory. Rut it is tht* part of the affair that 
would take most of tho romance out of a jungle experience for many 
people* so they collect their jungle flowers from the florist* 
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(WUl[ 4 ptitwl 

If v^ti study u physiographic nup of Cmuvdiii or* better stifl, if yon 
travel over tile Dominion in an airplay you will find younwlf in¬ 
sist,ibly compelled u> block off the country into foot regions, viz, Can¬ 
ada mat of the Grant Lakes, the prairies, the Pacific slope, mid (bo fur 
uorth. Evon tliHCii yuu will not he s3ti“fi£il T but will begin to subdivida 
iheso four regions, to distinguish in eastern Canada, for r rumple, be¬ 
tween the fertile lowlands in southern Ontario slong with the valley 
of the St, IJiwrtmce, and lbs rocky uplands, splattered with innumer¬ 
able lakes mid rivers, tluit comprise the largest port of the two prov¬ 
ince. Quebec and Ontario. Each region, each BtibdWsUm of n region, 
difltTE from the rest in climate, in vegetation and in fauna; and since 
the less civilized man is, the more deeply In* is inlineneed by his physical 
environment, bo our Canadian Indium*, when l.liey first came imo con¬ 
tact with Europeans, wenj likewise separable into a minder ^divi¬ 
sions—divisions that corresponded more or leas with the geographical 
OIHV, hut derived from differences in the mode of life, social organiza- 
lion and religious bdtefs It was due to these differences, in no small 
measure, that our Indians responded so variously to European contact, 
and that they vary o greatly today in their adaptation to European 
civilization. 

Europeans first established a foothold in the eastern part of Canada, 
where they encountered two tyjw* of Indians, unuagrienltnraL, migra¬ 
tory AJgonkian tribes of the Maritime Provinces *nd of Die upland 
areas of Quebec and Ontario, and corn-raising, sjmisedenUry Iro* 
quoiali tribes of southern Ontario and along the banks of the St. 
Ijiwreticfc Those Iroquoians were themselves comparatively recent 
immigrants into Canada. A few centuries lx;fore they had lived to lire 
south, either in Pennsylvania or within the harin of the Ohio River, 
where from neighbors still farther south they had learned to cultivate 
com, beans, squash, and tobacco. Rut during the 30U or 400 yearn 
that had elapsed between their irruption into Ontario and Jacques 
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Cartierife voyage up the St. Lawrence Rtver in 1586, they had struck 
an adjust i (lent, as it. wgrc, with the nojuigTicnlturnl Algcnddnus whu 
bordered them neat, north. mid east, an adju-tinont not unlike that 
lmtween the nomadic desert dwdlurs of Arabia and the Buttled vil¬ 
lager* on the fringe of the di^-rtfi, Th* 1 Algoukinna, that is in Say, 
hunted and trapped along the lakes and rivers, transporting thnir 
hirvhhnrk wigwams on toboggans during t fie- winter months and in 
birdihark canoes during the summer, roosting iiio.tr meat and fish nr 
cooking it in portable birchbark kett les, hut, generally ‘.unakiuc. keep¬ 
ing to ihem.selves and avoiding llie Iiixpsmiii!?- rtf the hivrhind.% though 
they did occasionally exchange a few furs with them fnrsrlrh luxuries 
lu* tobacco and conn The Imijiii iiun r , for their part, innate fully cul¬ 
tivated the fields near tlieir dintere of ahedlike lints, and their men 
hunt'd and fished in the ttdnity while the women harvested the crups, 
manufactured day rooking vessels, and performed numeroua other 
tasks incidental to » settled village life. 

Even ill the sixteenth century, long Indore any Eurnp“jn had pone 
tnted inlan d sl* far a» Qiiinihr, Breton, Basque, and FortugHtifS-’ 
flKheruMsu and fur traders had dif-lurbtd this adjustment. They had 
npsci the iiiilive LWimnv by introducing iron tool- 1 ' and weapons, and 
by creating an unlimited rmirkrf for furs, particularly for be*vet T 
whidi led to the denudation of tint grime in certain districts and to 
widespread movements of the native population for trade rind Lnint- 
ing. Trade rivalries and i-ncroudmnml? mi tin* hunting grounds of 
others then engendered intertribal warfare that wus aggravated by 
lb.* introduction of lirraruiflf and the IrH|uuiiim of the St. Lawrence 
Valley ansi KHithward became hitter fo^ of the AlgonkUns whr. sur- 
ruiiEuli'il them (in three aides, and of their yirn hrethron in Ontario. 
Differences in tho social and politic*! orgnuluaEnri iinmciliutcly ns* 
s«n«l their influence The wall-integrated I rmjuoD triinis federated 
for mutual protection (creating the well-known Five, Inter Si*. No¬ 
tions), submitted to the rule n£ an ducted emuiril and to the discipline 
of military chiofc, nod d trough their military valor mid skillful dipln- 
limey during tin: colonial warn won for ihi-msrlvti ample farming 
lrnids and a aemiaulonomous status when those wars ended. On 
tba other 1 innd, the nomadic Algonttinns, who lacked any close tribal 
organization hut wandered from one hunting and trapping ground 
to another in small, scmtieiiderhisa iinixli), proved incupabli! of uniting 
or of exercising great influence in the conflict between the French 
and English for supremacy on this mu tin suit,; imd, t«iug n negligible 
factor, they wen* pushed more and more to one side by the ever-in- 
creasing flood of whites. 

NevertboJess, even these Algorithms encountered all by in ting condi- 
(iotts such as were Inciting to the Indians over tie greater part of 
"(■stem Cntmdii, who did not come into dose contact with Europeans 
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until two centuries bier. Hu* curliost French fr&lilcr'* in eastern 
Qmuiln were few in raffllbetY, primitive in their manner o( life, and 
cut ofT entirely from dta Old World except for the visile of on* ur two 
ships Gflth summer- t ^jtbcrimirtj the vn>t ii^j^ntv were men who 
combined their simple farming with fishing und hunting, or neglected 
farming altogether for tt Ufa in tlio wood* similar to that of tho 
Indiana* Yet Canada was their permanent home, not imsraty a place 
of \iufk hi id iraidnnice for i fcw yours, itfcer which they would return 
U» Eiimps an did so jmnj employees of Iho gtmt fur-trading mm- 
jinnies who operated in the treat and northwest a oratury ur so Inter* 
Nothing wag more natural, thcrcfoit, than that tunny of these wiriy 
French aettlera should marry Indian girl*, esjudaily girls who had 
been educated in the misritai schools; und that the free traders who 
roomed tbo woods should tub' wttCS finm the Indians who ftippljed 
them with furs* We must remember thm in the seventeenth century, 
the period that witnessed the hi v mg of the foundations of New Frauen 
Indians mid whites were on n more marly equal footing economically 
then they v-vrv a century later, when numerous itnlttBi ties such ilb 
milling. weaving, and iron-working i^iaklzslted Uwiu$*lv4^ in the 
Maritime Pfcrerinoea and along the hfluks of the St. Lawrence Henoft 
intermarriage occurred quite lively, half-breeds experience} no dis¬ 
abilities of any kind, end Iio-th half‘breads and Lndiaiw received every 
ettcottragament to parUcSpate with the white settlers in hmidutg up a 
prosperous colony* How many actually merged with the whites we 
dmll never know, hut the proportion was iu>L jncousulcrable. Many, 
of course, found the drudgery of farm life too diffiiu.lt mid preferred 
to maintain their old homing and tmpptog exifftence, which wn* in- 
de*d the only existence possdMt north of the Sf> Lawieiue watershed; 
and it is they, or tether their descendants who umipy unwf of tlio 
pfweiit-day fndturi nt^anrrs in eastern Can ado nr roam over north mi 
Ontario and northern Quebec. Yet ptou they were witnesses* and 
to a limited degree, purlin pants in the slow rise of eastern Canada 
from a few settlements of primitive colonists to a great agricultural., 
induslvitiL and conniiftrGiiil area* and they were given ampin time to 
adjust therusjL-lves to the changing conditions that unfolded lUemsoteiB 
iiuitury after century. 

It was otherwise on the great plain.*, whose inhabitants had to witb- 
ateiiirl dip shock nf two tuhkn tv volutions, lioih hm light about by 
whites directly or indirectly. Wo actually know very little about 
the Ufa of these Indians prior to tin* En?t revolution, l^cauia the only 
explorer who visits I them before that time wa* the youth Kelsey, 
nod his account nf hia joarnty fe extremety mcagrir. In his day (1600), 
apparently the only true plains' dwellers were ths Ulackfcot and tlio 
Giw Ventres; for the other triljcs tliat later disputed iho artn with 
tJuun, tin- Surcwi, A-^imboino, Ctte, and certain bands of Ojibwa, 
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clung to tliforests at Ibis Lime and mode only brief incursions onto 
the inwltaifl prairies, Kelsey found (lie OJiutkfoi.il wandering on foot 
in '.mall bands that ceaselessly pursued the numlicrless herds nf buf¬ 
falo. He met them, however, in summer only, mid whether or not 
they too retreated to the edge of the forests at the onset of winter is 
uncertain. 1-ess than 50 years later they hud obtained horses from n 
United States tribe to tho Booth west and a few guns from Hudson 
Hay. At tho same time the migb I Hiring Siirroo, Crae, end Asaim boina 
Indians hail begun tu prea* into their territory, mid tu demand u 
greater share of tlm buffalo hunting now that Uu* mobility given by 
the horse and the effectiveness of the firearms had made hunting cuswr 
mid more profitable. liivulry in war nml lh*‘ chose then brought about 
internal reorgnnkotinns in all the tribes. Some of them graded their 
young UiL'Ji into semiiuilUiary society's and adopted a circular form ni 
encampment with the tem of the highest chief in the center. AM alike 
elevated ntfias to the level of a nntimud spurt, uml instituted n 
regular system of rewur.L fur the taking of - dp md the capture 
of ganfl or 

So it came ulwtiT that. I lie plains Ih-cmim- one v ast guerrilla voiuj in 
which nn-ii hunted and nvure Imnbd will unit n-iise. The dress tins 
diatoms, even the religion of the Indians reflivied I be chiuign that 
had taken place, and under uniform geographic ;snd economic condi¬ 
tion tended to become unifurm also. Every tribe, for example, 
adopted the institution of tiu> siui dunce, and possessed il- quota of 
pri-i ions medic in p bundles, .-m-K with itf individual ritual. 

All this time, luaviu t, Eijrupt'iimi were dowdy filtering into the 
prairies from the mirth, south, and east, and the in discriminate mas- 
■ail-- id rliH Ini Ifni o he it he by both rn«r- wan rapidly doiraying the 
fouiu hit ion nf ihe Indians' economic life. By l*7y the grunt herds 
had ceased to exist and the old free hunting lift- suddenly collnpred, 
With almost no warning the starring Indian were confronted with 
their second revolution. Henceforth they hud to confine their move 
manta within narrow tracts of land set apart for them hy iliwlainfiil 
white overlords, and to divert their energies from the exciting buffalo 
limit, with its intervals of pknnmtii idlcne-ss, t<> the mnmvtonoiiB drudg¬ 
ery of farming and ranching, tasks which thoir forefathers would 
have regarded with contempt. We rolinot wonder thut most of the 
ex-warriors of the first generation lost Iieart at the abrupt tranafornui- 
titm, and dial for a period the population of the jilains’ Indians 
registered n fiec&ue. 

Similar declines of population are not rare. On tho contrary they 
have occurred In British Columbia, in pari* of Africa, and through¬ 
out almost the whole of ihe Smith Seas; sn commonly, in fact, during 
the last ffiOD years as to lie almost Lht rule wherever uncivilh®r! peoples 
have been sutid’idy eon fronted with European civilization. "Not one 
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cause only is responsible fur it. but * number of related! cait^?. 
Changes in tlie economic activities and in did have played their part; 
for example, our Mackenzie River Indian; are now more or less per¬ 
manently undernourish ltd, as are many natives in other parts of the 
British Empire. Then, again, epidemics of previously unknown dis¬ 
eases have ravaged the native population in all parts of (Jin world 
tin cash's, for instance, wiped out itfyQOO Fi joins in one year). Per¬ 
haps die most important factor, however, ha.- been the failure of the 
natives to reorient their lives under European hegemony and to estab¬ 
lish thei»'-•’]vus on a secure economic basis that preserved both their 
dignity and their feeling of independence. The loss of their economic 
security and tlw degradation of their social slums has destroyed tboir 
sulf-resptx't, robbed them of all aim and ambition iu life, and lowered 
I heir morale to such no extent ihul they consent more or less con* 
sdtjusly t,i tin? signing of their own dentil warrants. Very often the 
fault 1ms luin not with the luitiv - themselves, but with their European 
overlords; for only !■.. aim moldy wliitu governnienit have failed w> 
realize their responsibilities toward their native subjects, and havn 
allowed individual whiter either to exploit Them, ns they exploited 
i he Kanaka? on the Queensland plantations, nr to push them to one 
side as encumbrances, as happened to the Australian blacks. 

Quo prairie sribe, the Blackfuot. suffered less from thn ecoDOtnic 
shock and the ravages of diseases than the rest, far a reason we shall 
*w presently; and, within the lu.it -JO years, all the plains' peoples 
linve shown signs of recovaiy ami of e alow iitcrru* in population, 
even though (he economic conditions on some reserves are still fnr 
from satisfactory. A recovery of this bind is not uncommon either; 
it is occurring today, for example, among the Eskimo, and among the 
Maoris of Now Zealand. And just us many causes operated, often in 
conjunction, to produce the previous decline, so there seem to be many 
causes for Lhe recovery. In the Tropics, climate undoubtedly exerts 
an important influence, liecause Europeans cannot develop tlic Tropics 
without native labor, and a growing realisation of their indispenla¬ 
bility increases lhe natives 1 economic security and social imlependfenre. 
Both within and without the Tropics, again, natives who# economy 
was already based a n agriculture have gene rally fared better than 
the# who, like the Australian blacks and most of au r Canadian Indiana, 
supported theoi-elves entirely by hunting and fishing; for the new 
regime, while greatly modifying their daily life, has not demanded 
a complete transformation. It is partly for ibis reason that in eastern 
Canada our agricultural Iroquoiau tribes lrnve prospered more llion 
the previously n onagri cultural Algonkiitn. even where the latter have 
been placed on reserve with equally fertile soil. 

We can discern still another reason, however, for the greater pros- 
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peritv of the Iroquoi&ng. and particularly of Lhe Five. Nations. At 
(he lime of liidr greatest crisis, i. 0., at llw daws of the colonial wars, 
■ hey wot orgoniied into a more compact unit than the Algonkians, 
anil they were lad hy men nf courage and vision like Joseph Brunt, 
T!u« same factors account for rise resilience of the Blackford. It was 
1 he able leadership and far-seeing wisdom of their chiefs, especially 
of Crowfoot, that braced them Against the shock of confinement, en¬ 
couraged them to direct their energies to the growing of wheal and 
the raising of cattle and Imrscs. and maintained llieir morale at a 
high level while that of Lhe other plums’ tribes languished, Thi*-> 
two examples from our Canadian Indian?—examples that could bo 
multiplied the world over, among civilized turf 11 nr minted 
altke—illtiiilntfe a truth that- we often overlook, viz, that the strongest 
forces for the regeneration or upbuilding of [tcnplcs come from within 
their own rank?, not from without. Always the driving force is some 
seemingly high and noble ideal, but this ideal limy lie dormant for years 
and even centuries fas did ttie longing for liberty in Finland and 
Poland) unless soma great leader uri*-i to give it voice ami in carry 
the people with him. Every ad ministration that drain wilU a unlive 
race, therefore, should aim, iirsi «>f nil. to inspire nr footer in ilmt 
race-some desirable goal. and then to promote tlue evolution of native 
leaders who will command the confidence of their people mat guide 
1 hem toward lliai goal. 

Hie steadfastitf^s of the Fllackfoot when they were first confined to 
riwrve;, mid the progress they have made since in readjusting (heir 
InitJ. HTircel v a fleeted I hr other plains trilies, who*? parliul recovery 
in recent years must be attributed to their own vitality. An the older 
generation passes away and the (radiiion? of war and buffalo hunting 
fade more and more from memory, the younger Indians in these tribe* 
are gazing out on a new world. Occasional trawl hy rail, hut espe¬ 
cially by automobile, is helping to enlarge their mil look, nmI the hope- 
Jessnees that gripped them when they were first banded on reserves is 
dowlr passing awny. They have noticed (he economic distress of 
the white farmer? on the prairies during the lust decade, ami they an 
realizing more and more each year rhat, however benevolent Uui gov¬ 
ernment may be, however it may protect and lifeguard them, in the 
last analysis 1 heir fill tiro ntnl that, of their diiMren depends principally 
on their own personal efforts. 

Our picture changes completely when wc pass to the Pacific coast. 
There the climate is milder, the vegetation and fauna very different 
from those in other parts of Canada. Any inland tribes that pushed 
tlirir way thither through the harrier of the Kooky Mountains round 
conditions so favorable that they never returned. Actually the main 
Imputation drifts seem to have been from Alaska south ward down the 
interior plateau or along t he coast The region was largely a rul-de- 
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sue whose inli&hit anls* though ignorant of agriculture* evalvixl mi 
amazingly rich culture on the foundation of their local resources 
These t^snilifces w^n 1 lh#?rnsdvr< uniiFunlly rich. Hie sea and rivets 
yielded fish in astonishing abundant* wild fruits were plentiful* Mid 
the forests eapplivd magnificent timber that was eaaily worked with 
stone or bone toojj^ 

At muDcroiis places along the coast line, then, there stood in pr^ 
European days villages of pJank hnu^s such ns existed nowhere else 
in America. Sonic of these houses were of extraordinary size, and 
adorned with those ttoananug carved pillars that we now commonly 
call totem pole^ The villagers themaelirra roughly separated into 
three grades, nobles, twnuiion people, and slaves, the latter either 
prisoners taken in raids on neighboring communit its or the d cscend a nto 
nf such prisonera* With abundant* of food, particularly of salmon, 
life was rather easy, ansi ihe momiis of autumn und winter were de¬ 
voted largely to entertainment^ both secular and religion The 
nobles, who ucquired r heir status by inheritance, vied witli each other in 
giving elaborate feasts or potlntchra, end the ceremonies itvd rituals 
that accompanied these f easts stimulated the arte of weaving, painting, 
ami wood carving, oa well as music a nil the dram a. In art and drama, 
indeed, the Pacific court natives far stUTWsed all others in Canada- 
their unique wood carvings lutvs attained a world-wide reputation. 

A number of European vessels visited lliia British Columbia cimrt 
iu the closing years ■ »-f the eighteenth century', but oahmi^atiou began 
only in the first quarter nf the nineteenth, nnd then it was confined n» 
' t \ small district amrnid Victoria. By the middle of the century, how- 
i-viT, the ridr- of immigration was flowing in grv at strength* and already 
disrupting tho economic and social life nf the natives throughout the 
imtin* province, EsinojKsii disregard of all distinction^ of r:i* k, tiifi 
abolition nf slavery* and ihe introd notion of new standards of wealth 
which lb* ex slave could acquire more easily perhaps Ilian his ex- 
m»rf«\ destroyed every vestige nf local niirhnriry in the villages while 
at the same time the ert m hi ishoient of fishing cann erie.'i seriously inter- 
fered with their principal food supply. Tlie mechanical agv had just 
opened- Steamers wore plying up find down the voart; UijulH-r com- 
pffinies with tmorrinp donkey engines and high'rigging tackle were 
invading the forcstsL With almost nn preparation or warning Indians 
who had not yet fully emerged from the stone age found tiwmsrhes 
caught in the maelstrom of modnn industry and commerce. 

The first result wa* a frenzied acceleration of native life. By hiring 
out. their labor to Eun>peans, Indians who could never have hoped for 
social advancement in their communities were able to tuna^ enough 
fond, blanket! 3 * and other grinds to hold great feasts or imtlatche*. to 
n.^umc the rrmbaud titles of nobility, and In extend thrir fmaonmung 
all th« neighboring village- At the stfite time ihe introduction nf 
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meNti tools Facilitated woodworking, and not only chiefs, but p'X-rom- 
ruciCLb-r;-. unit even vx-slavc* began U* build enurm-im house*. to set up 
lofty totem poles, ami to wear si ceremonies elaborately cor™] wooden 
masks. Rivalry among the more [mi^wrous Indians inanuttd tin- 
frequency and magnificetnyi of (hapothiicbes; men toiled and sav^d for 
jours merely for the glory of entertaining B.OOO or 4,(100 guests for 
7 or S days. Finally, in soma districts, ilia old cust huh of giving awjiy 
pneviiU at these potlatches-—which was really a primitive banking 
system, since the presenis were redeemable—degenerated into reckless 
/-< pi unde ring sind even the wanton destruction of property. Xnlttrally, 
this only increased Mill further the jealousy and strife, beauleu threat¬ 
ening widespread destitution. Accordingly, the gc-vernnumt inter¬ 
vened and strictly prohibited all potlatcrhcs, including under that term 
every ceremony, religion'- or secular, at which the giving of presents 
hud been customary. The turmoil in tla villages then died down; 
but the measure was purely negative and hud ms unfortunate peycho- 
Jugii I effect. It destroyed tin; ambition of the natives by depriving 
them of their traditional means of social advancuiik&nfc without helping 
I hern ro improve their economic nnd >ociul position vji-i-vU the white 
imputation, Very few of them had fiUcaessfuUj taken up firming. 
The juniority worked for the fishing canneries, whim the man hud 
now to compete with well-oagimixed Japanese fishermen; or they 
gathered fruit and hops, worked as dock hands in places like Vancou¬ 
ver, Victoria, and Nanaimo, or found employment in lumbering and 
-imihir occupations, for Lbs m«t part seasonal, that provided only the 
barest -ulisifiteju'«- Civilization had hurst upon them to suddenly that 
they were bewildered and unable either to avoid its evils or to and 
gmsp its opportunities. European diseases dndtnoted their ranks and 
the population dropped at an appalling rate. Some of ths girla mar¬ 
ried white men, or, In rare cases, Chinese; here and there a man broke 
it way from Ills fellows and merged with ihe whites; hut the greater 
number clung to llieir old settlements (which the government finally 
converted into reserves), and watched with hopeless, uncomprehending 
eyes the growth of industry and entnmem* around them. Scattered 
in tiny communities without any .tcmblamee of union, they could de¬ 
velop no leaders to guide them out of the morass. Their regenera¬ 
tion seems possible only from outside stimulus and leadership, such a* 
is now meeting with success in Bella Bella and a few other villages. 

It is interring to notice that Japan, on (lie opposite side of the 
Pacific. was caught in the same maelstrom ns our Pacific coast Indians, 
and at precisely the same time, Japan, however, was a densely popu¬ 
lated tuition with an ancient civilisation grounded on the intensive 
cultivation of the soil. She ponead the tradition at least of unity, 
her political freedom was unimpaired, and her ruling nobles were able 
to pool their efforts and work out their country's salvation on a definite 
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plum Our Indiana, on the contrary* numbered only two nr tliret- score 
lhou*niid individual* scattered through dozens of |mlUk«lty indt-pcn- 
ihnt hamlets, and speaking hj.ll a dozen muiuully unintelligible hn- 
guagta. Politically, they wi ire incapable of uniting and presmting a 
common front, even i f they < mild have found a leader. Moreover, they 
wct* 1 fishermen and hunters who had never tilled, tliu j*u] until the 
early Europeans taught them l« grew u few pcitalmec lienee wlwn 
the fishing companies monopolised the runs of taimon, width had I**;is 
their stall of life, each little community had to make its own adjust¬ 
ment and either change its mode of existence entirely or disappear. 

II the Pacific coa-t with its abundance of 6sh was an extremely fa¬ 
vorable are:* for lutnnin habitation, mid imlted, before the coming of 
Europeans, the most populous region in Ctmntlix outride nf snmJirra 
Ontario, where the cultivation of corn permitted a greater concentrn- 
t inn of population, the basins of the MaekEnii* and Yukon Rivera, like 
northern Ontario and northern Quebec, were voty unfavorable. The 
rigorousclimate prohibited agriculture, even bad it lieeii known. Fish, 
while comparatively plentiful in the likes and rivers, did not run in 
large rimalw, like line salmon of the Pacific ccuet. and their capture 
involved extreme hardship during 6 months of the year. The rea! 
mainstay of tin- Indians was the caribou, which supplied not only fi>od, 
hut clothing and coverings for the tent; I mi in the furwrted areas the 
caribou rua tiled singly, not in great herds like the specif on the barren 
lands, so that the Indians hud to wander about m groups of two or 
three families, that feasted when the chase and fishing were successful 
and starved when they failed, Life thus alternated between plenty 
and Htarvntiim. The weaklings perished on the trail, gincti there was 
no Qxid home whore tlicy could find shelter, or stable food supply 
tint could tide them over a critical period. Tow social amenities 
tightened the unending drudgery and hardships- it was ti region of 
poverty, material and spiritual. Nevertheless, it enjoyed one blessing, 
It was a fairly peaceful region, because one area was scarcely prefer¬ 
able to another and the tribes had no inducement to encroach on each 
diner's territories. 

The advent of t tie fur traders in the seventeenth and eighteenth 
centimes destroyed this peace without relieving the prevailing poverty. 
The two tribes dial bordered die fur posts on Hudson Bay- the Cree 
and >Tit- Chipewyun. tried to monopolize for themselves all the luenefita 
of this trade. Equipped with gnus, tin- Chipewymi reduced their 
iiciglilKtrS, the Yellow knives and the Dogrihs, to a state of serfdom, 
while the Ciw pushed westward, drove out the Indian- who inhabited 
tite upper waters of the Mackenzie River and took over the territory for 
themselves. Turmoil and strife prevailed through (hr entire region 
until a terrible epidemic of smallpox toward the end of the eighteenth 
century carried off nearly half its inhabitant*. Even then the tribal 
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enmities that had been engendered [lersisteil, ntul mvic-donod motv 
than one massacre in the first half of the mticitcntlt century. Peace 
baa now prevailed for 100 yearn, missionary nod trading- j>osLs are 
altered over the whole area, v oter and air transport an- opening 
ii up jo; :i tourist pljtygi mu id. arid tlw mineral wealth in i;- picks 
is U-iiig exploited more and more with kjirb passing year. Yet the 
Indians!»fe failed u.ike nny appreciable progress. Hunting I in¬ 

cluding trapping) and Uniting still remain abno.jt theii stile means of 
stillsi-stnin■**, mid :1 ib returns from these ocoupnltons ant decreasing 
rather than increasing. It is true (hut the immlemm- blond feud lui- 
lulig been suppressed, that in funticide and the abatuluntnunl of Utu aged 
and Iniinu have ceased, and Unit there are tin very ftotf drallw from 
outright Starvation. Nevertheless their stain hi rd «f living is w> low 
that the majority art- perron LiqOtly u adanwurkhed, This moke* lh«m 
ready victims of every sickn^s. particularly of tuberculosis, and, enm- 
hiued with the hardships of a hunting life, producer a very high 
mortality, 

Kow it is quite probable that these northern Indians lmve always 
been undernourished to some extent, mid that it iva.^ partly under 
tintjris.ilmerit llmt made them Jess virile than other Indian ., as their 
early history seems to indicate. U would explain h!k> why, generally 
-^leaking, they* have shown no re&ourcir fulness in merling the changed 
economic conditions of the last It Hi years, or any desire to adapt them 
ndves to their new environment, They are good CMiiociiutn anil 
puckers, tasks that they have performed for ■ I'nturics; but in all 
occupations connected with industry and commerce they have shown 
themselves hitherto inefficient and unreliable. Their numbers are de¬ 
clining; bulli their economic condition ami their morale on* at a low 
vbb. Their regeneration is an excMidingly difficult taak, binging wry 
largely on the ecutiumic resources of the territory {which are still 
imjierfcctly known), and on the development of these resources by 
the wliite man. The Indians arc themselves one nf the lesnui'is. for 
tlicy ure a fixture in the territory; they cannot, like white meii 
who enter it, pull tip their slakes mid return south if the living becomes 
unprofitable. The chief problem therefore is to restore their mu rule, 
and to rake their Htttndard of living by providing remunerative em¬ 
ployment for which they will show some aptitude. And this will tax 
the wisdom of the must far-sighted government 

Tlie Atviic coast of Canada whs a realm of its own, and iu inhabi¬ 
tants, the Eskimo, differed from nil the other aborigines of America in 
language, appearance, mode of life, and—what is less often gtroMil. 
though it has tremendous iailuanoe on u {ampin’s survival—in 
temperament. 

There is* no tired to JesL-riln* Eskimo life—how it rested solely «n 
fishing and luiiiting, pnrticulurly the limiting of sea mammals, and 
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hoiv it vu hed in ilifTvhuit ] irts uf tilts Atvlic t and at different sea^ona 
of the year, iueYii.jbly it involved gn-iit hardships, and llie moiulhy 
everywhere was very high* In t Sie.- Ohimdinii Arctic especially the 
population density was titiXMiuelj low owing to the cnraparaf 5Ve ^ar- 
eity of senmammals; Jong stretches of coast lino carried no itili ibitants 
uL tJL Tho total n imil wr i f Kdrimo-apfaktug people today* from t Tic 
diori'- of eastern Siberia to Greenland, b only nboM ii^OlsW * ami there 
is im evidence that it ovi 3 i-xm L iiisd (hut figure. 

It was in Given loud that Euru]>eiih5 fir^l discovered tin- K-kiiEn-. 
At the cm! of i Jit.- ^ixieeutb century, if wo leave out of tlii 1 

early Norsenieh, whooo colonies were Apttrf&s ftrwnfyk During Urn 
next few devuthese Greenland Eskimo, like tbOGe of OiihhIu mid 
Alaska later* were demoralized by the craws of wliuUng sbi{^ imuI iWi- 
uLuted by EufOpean-brolight disuses* In theeighteenthcentury. how¬ 
ever, Danmark invuluted the-country by making all trade a gnvamiiuait 
monopoly md togmi to ndimuLster is mj die principle of “(imtulmnl 
for 1 hr Greenlanders^ Eskimo become the uflkioJ hugimgi- Ibmudi- 
out die is! huh], and its inhthjtariL? were granted in Ihno a eouridturabl m 
rm tMin; of ^if-p-vtrmiwsil. During the tor-t hundred yuu^ ilu? popu¬ 
lation hoE nlCiii!]]) liici-csised until now it exceeds 17 T +HK). Intermar¬ 
riage with whites takes place quite freely, m& must of the present- 
day Greenlanders curry in Lheir Yoiftf u greater or less percentage 
of Dunbli Wood, 

Whaling fchips did not frequent BuAoit Bay uiid North Alaska in 
any numUrs until the second half ttf thu nineteenth century. There 
loo they left a diminished population, urn? that had become quipped 
with rifles and metal took Nevvrlliriets ihey did not graitly d i^turln 
this daily rimtiitu of Eskimo life ns it had exihtotl for centum^ 
The fur traders who succeeded them, however, esertel a inure perma¬ 
nent influence* Instead of hunting owibt on the ice dose to shove dur¬ 
ing the montlis of winter the Eskimo now trap foxes, and their did at 
that season 1ms changed in some regions from 100 percent meat and 
ntrat broth to 00 gwrugm. and even 70 percent Ilnur and tea. Their 
clothing, loo, has altered. Originally made entirely from caribou 
fur except the outer footgear, winch waa of t*nlfikin T it now consists 
part ly of woolen and rotton garments; and under tin* conditions that 
prevail in the Arctic these garments are seldom washed, and some- 
times not even removed until they ruC. Inadequate diet and mi hy¬ 
gienic clothing am thus impairing the physique of the Eskimo in many 
places, even though them am fewer death* from outright famine. 
Whether tlieir numbers are still declining along ilia nmrt> northern 
vunsU Ls ^pinwti ginoa there has never l^een even an Approximately 
accurate census until the lust 10 years. 

In Canada, ns in Ahteka T the authorities have made m attempt to 
isolate the Eskimo. Subject to certain rtgulutiorib, Arttk Canada b 
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o[*n in Jill mui trade i- free, though the Hudson's Buy Cosnptny on joys 
n virtual HionoiKily over n krg* urea. No educational facilities exist, 
apart from llie rudimentary tithing of English id a few minion?. 
In Alaska there a re regular day whoola in all the larger Eskimo ccntc!*; 
they too employ English as the medium of iiuttnictimi. Iti the Green¬ 
land educational system both day and high schools employ the Ksbhnn 
language, though the teaching of Danish is now compulsory. 

In dealing with her Eskimo population, therefore, Canada, like the 
United States, has followed an open-door {mlicy f.huL implicitly urns 
at rapid assimilation, where as Denmark has adopted a policy of segre¬ 
gation tmd tutelage riniilmr in runny reapectA to Canada's policy with 
her 1 to limit! Hie merit? of the two syutfetna Imve been widely dilute*], 
not in referenda to the Eskimo only, but in reference to many native 
populations the world over, even the colored population of the United 
States. In the South Sea?, where Enroprene have definitely rejected 

?cgrcgatiun, the Maoris are inciriLjmg in i.W? and merging Iren 

Huilly with the whites, whereas iti Tahiti mui oilier hdniufc their 
Polynpainn brel hren are rapidly declining, '[’lie .TupmiK^- have &egre- 
gated the Ainu, Britain has insulated tlwNagu of Assam, Belgium lit 
pygmies in the Congo, South Africa it? Bi id mien nnd - me of its 
Bun! us i and Australia is considering the segregation of its blacks. 

Now it id ill ear that segregation does not in nil cases carry the shim 
aim. No one expects, under the tutelage which swgregulion permit?, 
that the pygmies of Centra! Africa, the Bushmen of South Africa, or 
the Australian blacks, will advance to such an extent that they «m 
some day stand on their own feet in competition with oilier {topics. 
Segregation in their cases is dictated by considerations of humanity 
only, the same considerations that had ns to build old uuurs home? for 
the indigent poor, The» natives are compare lively few in numtars. 
they are incapable, we believe, of making any important contribution 
to the progress of man upon this earth, nnd if they should become 
extinrt wiihin a few generations or reuturi^ the world will preattm- 
ably lw none the poorer, Whether Lhey are doomed to disappear 
ijultJdy or to rvillain in tutelage for ms lung n~, we can forestse, our 
morel sente compels us to make their lives ho I *m comfortable and 
happy than our own. 

Not humane considerations only, but economic ones alijio inspire tha 
segregation of certain Bantu rribeg utnd of the Xagas of Assam, The 
numbers of these peoples run into millions, and they inhabit large 
areas of fertile tropica) laud that the white man, even if he tries to 
colonize, cannot develop without native .labor. Hence he must either 
protect the Iwsl inhabitants and train them to * leva Inp their territories 
themselves (in the beginning, at lea^t, under hs$ hegemony), or he 
moat permit their disposes® on by Hindu, Chinese, and other people* 
wlto are also adapted physiolegicmlly for a tropica! life. 
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In tli? i'!i »9 of segregation just noted there is n« intention, explicit 
or implicit, to encourage any merging of the protected roan with their 
protectors, because white people, particularly thnw of Anglo-Saxon 
and Teutonic stocks, hare strong prejudice* *gib« inU-jm nmaya 
with colored people, (Jnpjui, wo may jiorire in piling, likewise 
discourages the intorifiurriope of her nationals with the Ainu). But 
when Denmark insulated the Eskimo of Greenland, and the Unites] 
Stairs and Canada placed their Indian? on reserves, not only did they 
aim to mift’ the Grecuhindere and the Indians up to tin* white mart's 
cultural level* hut they looted forward quite frankly to ultimate 
Amalgamation. There was no color bar to prevent this amalgamation, 
no prejudices other than the economic and cultural. The natives were 
expected to mingle with the whiles on equal term'. a= w>oti ns they 
reached maturity and gradually to merge thrir blood. Hence tlw 
insulation or segregation of the 1 ? people? is merely a temporary expe¬ 
dient equivalent if' the placing of orphan children in training institu¬ 
tions; it iso very different measure from the segregation of The Banin 
ami Bushmen tribes in Airies, or of the blacks in Australia, 

It would he wrong to Piippov that this tegregntion or involution of 
the Indian* and Eskimo aimed at eliminating every trace of there old 
cultures and blotting out their langimgi-s Both pMpl(9 have already 
enriched oitr civilization in many ways, and may conceivably enrich 
if still further. In educating them to piny a part in the economic and 
cultural activities of the modern world we desire to eliminate only 
such feature* of their fminer life as definitely hinder their progress 
and render them lvS3 adaptable* Accordingly, in Greenland. Denmark 
has promoted the tuw of the Eskimo language and the hunting of 
seal? in kayaks; hut she has also enforced the study of the Danish lan¬ 
guage ami culture, has developed fishing into a large-scale industry, 
and, wherever possible, festered new activities such a» the breeding 
of sheep and goats to raise the economic level. 

Canada’s administration of her Eskimo has tile tame ultimate aim 
as the Danish, even though from geographical reasons it necessarily 
follow* a different course. Greenland is an island that until recently 
was accessible only bv sea during a few months of the year, and it 
liicbmiv large deposilanf minerals except some relatively unimportant 
cryolite bed.*, Only ita sealing had any attraction for foreigners, and 
ihat waH located largely nff the uninhabited nort heast coast. In closing 
the count ry to foreign traffic, therefore, Denmark ran no risk of inter¬ 
national complications. and hi closing it to her own ] wo pic «1» artatswl 
no internal dissension, because it wn* not a field for coloniRation or for 
sure enterprise that looked for profits. Whether it lias been doted long 
enough, and whether the Greet!landers, now admittedly mere Euro¬ 
pean than Eskimo, con successfully administer their own affaire, is a 
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question that is being keenly disputed in Denmark. We may I pave ii 
to that conn try’s decision ami contrast the Canadian Arctic. 

Hit* Eskimo pcpiilutiiHi iif Canada lias always Uh'h touch sms Her 
than that of Greenland (It numbers today, including Ijtbrador, only 
aUtui C^TKt)i «»id it is distributed over many limw ike length nf 
owt't line, sf. tl«rt( tin 1 settf entente an? farther apart and more isolated. 
Moreover till* const line (rven Baffin [.slnml) in mi integral port nf 
the mainland of America, arcesaibk? ly>th by land and bv sea. Tlir 
Itighiy mineralized p re-Cambrian zone tour lies it in several pknes, 
and each year air transport brings ike most remote area* into rinser 
touch with the centers of civilization farther south, Today the itgion 
Ntwnn Great Slitv* and Grout Bear I.nk«‘-. h i‘^prrienring a mining 
I loom: iiesl year St tuny Ini the him ting ground, of the Eskimo between 
Great Bear Cake ntul the Aatk t Wan. No ndtnitiiyr niiinn, therefore, 
fonld |HKsilik insulate the t'tiuudinn Eskimo from the outside world 
unless tl rnnrentrated them into one area. e.g„ tilt* tier I hern arch i pel sign 
-ir rhe region round the Magnetic P-dt?; nhd in that narrow space most 
of tlem would perish from starvation, mi limited an* the fond reoniixt**, 
Moreover, no nrnj an foresee the future of tviui ion. Ii h quite iredhlr 
that within tli* next 20 years airplanes will In* flying on regular sched¬ 
ules botwwn Europe and America over the Canadian Arctic, and that 
the region will Ik* dntird with emergency landing station*. 

Iti.ulurion or Hgregntinrt «*f the Canadian Eskimo is therefore im¬ 
possible. They must sink or swim in civil izat mil’s tide, with no period 
■ d tutelage tn equip them for the struggle, and with onlj inch probe- 
non as an open-door policy will permit. Even their language will 
disappearbefore amay grant um^fecawv their settlements have litrl- 
0,1 nr> contact with otie another, hut trade almost exclusively with white 
men who only rarely understand their tongue. To pre?*™ its identity 
and its language m I he fare of outside pressure a people requires ilif 
cohesion given by populftlion mass, mol this the Ca nadian Eskimo 
definitely tock 

NerertheT.^, the temperament of the Eskimo is the strongest guar- 
anieti of their survival, though not ns a separate people. Whether 
lieeatoa nr in spite of their difficult environment, they have developed 
throogh the agm a most no usual cheerful nsm mid treomvofulnfiss that 
have already withstood the shock of European impart and will carry 
1101,1 fl '^ugli the adjustment jnsriod. Their temperament will fad lb 
(ate their intermarriage with European* anil leave its mark on their 
df-srnndniiK so that in yrare to come the American Arctic, no late than 
Greenland, will be inhabited hy hardy frontforemen earning in their 
veiiiga strain of Eskimo blood, but speaking a European language. 
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DAKAK AND THE OTHER CAPE VERDE SETTLEMENTS 1 


U> [Himn vvjircntoFT 
rtdrmrrt r.'nfcvnifif 


[Willi 4 plllttl 

Dakar itt the 'iii.lv city, in tlto European (nr Occidental) K’tiw, in 
the whole f‘f TVci-t Africa. No other center show-3 tin- dottr-cut nmd 

rtiffsTcritijition of fimet ions i Jin I chartLrtrrii** ihr wfr* 

Its urban-—in ti >mn I i way even Tuetropolit an—character cannot t«c 
attributed to its emu inn by Europeans loss than n century ttgn, 
because Uiis didcrcntiniinTi of functions has evolved only during the 
past three ilecadtA The uh-nce of any significant settlement on or 
near its site until the late nineteenth century heightens the paradox 
of its present ranking poaition among rivals whether newly founded 
or centuries old. 

The enigma of Dakar promises solution if the city ie considered 
in association with its intimate neighbors. Together they form a 
design in historical geography close to the typical for tropical Africa, 
Europeans, upon their advent in thp period of the discoveries, traded 
intermit teioly with Indigenous farming and fishing villages of the 
Cape Verde Peninsula. Subsequently they catabKahed a stronghold 
on an island clow to fhorv as headquarter* for trade and administra¬ 
tion of album. In time a Lighterage lauding place on the continent 
absorbed the comment, leaving to the island its political functions. 
Finally, an artificial heritor on the continent proved sovereign over 
both its predecessors and drew to itself all the functions both hnd 
exercised, adding tv them now functions of its own. 

In this course there h nothing to set Dakar apart from several 
other places a long the coast. Iis preeminence appears natural, how¬ 
ever, in tin* light of the shifts in items, values, and routes of African 
trade during live centuries, the quality of the unique location amid 
evolutionary changes in the [mill icul and teclumlogival ftmeturo 
of the world, and the variety of tlit associated sites, which permitted 
ikxiblc utilization to suit advancing needs. 
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3S2 ANXEAL szport RMITHS0N1AX IN311I U IXOfJt, 1943 
the isi'ifSExocg African scene 
tke m-rar-it, smiifn 

SrtJU fn.ru mi approaching uhiji tin- westernmost land of Africa 
emerges a bow the tmn2r.it its a group of cjiffed islands, fiat or gently 
rounded. A nearer view discloses that the highest of these eminences 
etc link'll by n somewhat lower platform, behind which low ground 
esrtends northward and eastward- A map (%, I) shows this tow 
pfminfl to rune on each side in a wide concave are to Lhn mainland 
of the continent- to kilometers away. 

lhL> peninsula is tfio ( n|H* Verde tomboln, product of emergence 
combined with ij,| twiijuti by wares an.] currents. Tito pronionlorv 
called Cape Verde faces west, and behind it rise the rounded Mamelles. 
the western nutl higher ant to KB meters. Some 10 kilometers to 
Mh- southeast is. ( ape Mnmicl, a cliff of columnar basalt rising 4P 
rtu ters out of the sea. between ike-* heights somewhat lower ground 
19 copped by altered tinustone, which juts wit hi prommiUjrirs to 
make n festoon of cores all around the headland. 

The [uglier cliff* are skirted by talim, and at their base the. wiives 
break on Wchis of large black Iwuidcrs, Sand, worn from the 
hmestonc or brought from the Sahara by marine currents, hoe softened 
. E ‘ physiognomy of the coves on tile seaward facts of the pen haul cl 
O n tin- north, strong snrf and north winds have heaped beach and 
done the length of the shore line. On the inner far*, tin- long, sandy 
that forma the south shorp of the lie to the mainland 
Wa - V t0 ^ 1G headlands of the south-trending coast. The cove*? 
Iftwccn tlnjae head* aro progrewSvejy loss sandy, the floqrhomuiost 
sating n cdony beach. I nlike the corns on the Atkin rio side, they 
■ho not -'Ited by rIn- predominant northerly winds and receive incre¬ 
ment^ of sand only from the beach to leeward, The tombola Imr is 
4.4 kilometer* wide at the narrowest point nnd -lfJ at thn baa*. 

Two bo.-alt island* not yet tied la the mainland flank Cape MsntinL 
1 hey are only slightly lower, and they duplicate in miniature the 
physical character of the ponirmila. A few low islets sprinkled nfl 
Cfl Pf vordnaiw a nu-naco to navigators hut arc mherwi*: negligible. 

ic asatt islands and Cape Mnnucl are waterless and barren- 
In tn+‘ rainy ^'ason the linetnne plateau is muistoned by stepngc 
rrotn dona standing upon it. On the calcareous sands of the- tornlmlo 
liar the uninterrupted beaches convert streamlets into backwaters 
and maHies, and the line3 of fixed duties act to. r«Krvoirs feeding 
water into the depressions throughout the year. 

A few paints fringe (be marshes, but elwwhere the native lrw» 
nru biiohaha, which dot tlie peninsula and give it its often-described 
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Frnn^tl# A Snkar, UEA 


THE CAPE VERDE PENINSULA 


distinctive appearance.* Whether or not the landscn |jc appears green 
enough to justify the ns mo lA Capo Verde* dejiends on the time of 
year. Throughout ike long dry season, lasting from October until 
June, the gray, §ilo-$hapeii trunks of the leafless baobabs, Lho dusty, 
parched grasses, and the stubble of millet make a drab scene, Doubt* 
leas even this, however, would look refreshing to sailor* fmtu Europe, 
dazzled by the hundred* of mile* of nemd-dune coast that borders 
the Sahara. When the mins come, the Cape does turn incontestably 
verdant. The 1 mo I mbs leaf out, the marshes fill and put forth new 
growth, ami the plains push up a stand of mil let that grows 1} feet 
I all in Its brief life. 

All Uiis verdure is the product of downpours between mid-June 
mut late October (table I)- The peninsula lies iu the belt of srmiarid 


■O finite Ptur*. niitrtfw il« I* hull <t« Csp v*rt «t JM» aetBUx* .U Wli/. s». IS. 
l»»ru, tim, «win him of (bo dMtr)|>lteti. 
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climate between the arid Sahara tunl tin 1 Sudan, where rainy and dry 
seasons are of about equal length. As in all other Miuiurid regions, 
ita rainfall is unreliable, The heaviest cloud hurst» an* luougli' by 
the rather infrequent "tiirosilm.* These may ticeur at any time 
♦luring the rainy season hut are likeliest at the beginning, Dei lit 
cloud* pile up swiftly from the i-ael, sky and s>eu turn black, ami ft 
violent thimdersquatl ciisyts. Within hntf an hour the ’wind turn? 
west and the storm is over, hut rarely without damage lo trees and 
hahitadoDB. 1 
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i iim r^io t„. W(Hm ^diji fit 14 ripwutiuft TBiatMihHM, mt Wura 4 t b pyi I nairnr* tn 

E^JSS^Sfi^ WJW** km lun titftri .Ktiiptj 

iM-lvulAb 1^41*41*. 8w. it, S&. i« tv- *wu> iwj. 

The ordinary rains are brought by monsoon winds from (he west 
tluriug the |*riod of maximum llttolitioq in the northern half of the 
African continent. Uironghmit the season the air is steamy and the 
JioriaoJt white with water vapor. For a month ot so after th« ruiut? 
the sfey is cloudy during u conatdtruhW part of the day tin u\ and the 
humidity remain* high, 

Iho dry season is marked by light northerly wind.*' that prevail 
ro an altitude of about a thousand met era, Since tltey puss over 
ihe ucnau to ranch the peninsula, they bring rather high humidity. 
Occasionally the dusty hnrtnuttan blows out of the cast, reducing 
relative humidity and raising the temiwmture. It items to persist 
above the northerly winds during most of U» dry season and pttbpt 
accounts for the whitish blue of the sky. The. uppermost air eurreni* 
mnta from south to north during the dry months, ni about -10 kilo 
meters an hour.* file stability of the winds favors nvistijou, Jiscept 
for tornadoes, the movement of air at ground level is u breeze talker 
than a wind. 

The annual range of leiupcrattiro Ls rarely greater than 6* C, t 
the ditinnii variation is rouim■ ■lily ft J |Jilt ■ to Lit) an? typical readings). 
It gel." hot tt> scam us the sun in fairly up nuil stays hot until near 


...5* " l * ^Awit*ai or th- «t«rtn» w u,*r, liutwo. tor tr« mini orwu* Am* 
1 ^ Mum, Dmpi. Itrod Af»<J fet [f'lirif], hit, za\ Dp. Oil-UW, JSST ; niw I^« 

<*"« Aim, CL;,. UleL* m..„, »„|. 4, pfi. S9-4I, 

l ™ l ” w l 11 'tt“4W, ir** nrt. ep.pf. 104-160, j 9 »>), 

*J~ „ '*• “W*< *«rtcae, 1 l>iliar T iu t-liHk, ml lAvml^.iw <"* 

A,oqa.-. fcvmifc PimiKtli* AM*. Own tlrmlr- lilaf « 0,;; Afriuus 

VrwnwtB®. Orr, «. K^tW 15-40. ISW. 
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sqnseL In Hie shade rtneiblo tempcrattn* is much tower, us^pt 
during the rainy season. Then Hie nights also uni stuffy, hut or 
S months they in pleasant. 

AiumaisxL tin: 

In this rn'hvr impropitious environment a small African popnla- 
tinn hus been sparsely Kitten'd over the jmnin*iiia for unfold geueru- 
tiolis. P res umably the ptrhwt^ric inhabitants uaiimi their iin.i„..r 
ITt-inif ac did their deeewidniJf 6 described by curly Europoti trawl**. 1 
from tithing, supplemented by such cultivation as the -hurt wet 
season mode possible-* Diggingsshew that wnt.-r supply ilutennintd 
thdr distribution. The wrings at Htum and Rafisjuo ^■ i ' 11 ’ 1(1 have 
tittwcted the densest populations. Thera water waps from sand 
dunes; eUewhans wells must be dug. Thu Haim site had xhu further 
lulxmitiigs of a surf-free lending for fishing diifls. 

When Europeans undertook aetllettUitit in the vicinity, they found 
uuiDCTOus hamlets fringing the coast and a stnu I tur number oti interior 
^jU -3 at die ha eo of line* of dunes. The people were mil. velvet-black 
Ncgrofifl, a branch of the Woiof. Slosi of the imwlal rftUemMU* 
-*em to have and brackish water from marshy luickwature, though 
HOOie had shallow pits in duna^Ies, Those cut off by sand ut marsh 
from arable land exehougcd their fish for millet raised in interior 
villages. Oil mid win. 1 came from Ctu palms that stregglnd along the 
buck waters. The brush and fallen trees furtMinl firewood. Wattlo, 
taefcetwork, nod thatch were building toftteriaU for huts and grim* 
tries. All these items except fish ware getting scarce by the beginning 
0 f tjj,, nine tenth century. Millet, planted on one-third of the laud, 
was repotted to have been insufficient to supjujrt the inhabitants, 

numbering 10 U> 12 thousand.* . 

Today all the villages are modified by Lbe presence of the l*ivu- h- 
Afrk-an city of Dakar. Several have l«en engulfed in die metropolis, 
to which one, in vanishing, gave its name. Perba^ the fishing 
villages ott the north coast remain much as they were L^foro the 

filJtUfJ&MIS CfliJflie- _ ■ T 

X’Gor is typical of these hamlets of native htiis and gran ant--, it 
stands on the crest »f the continuous line of dunes that have piled 
up to 0 height of H or HJ meters above the wide whit, beach (pi. b 
upper left). Among die hows are tiny gardens of sqmwj'** end 
beans, partly pwftttSd from drifting sand by mats held upright be¬ 
tween stake* tpt 1, lower left). Ymh water is drawn from wells » 
to 0 motors deep, dog in the front rslop^ f, f the dune* and walled with 


- llWrt L»f,.reoo »d ttartuftiHl >UlW. .JimlrtlsiiUan * I- wrthj.tntrt « 

irr lfrm . bLu.Omp. faZaSsl X M. «Km» 0«aktiKl» rnwb*. *«' =U-f* - 

C+iy, «. r *L*»m ii| til# feftnjl of HLHrvlh Hik! iith*”r 

^BSSaSS«** : *» *» uw wiata ^ *■'"» 

ujftjf b# eoftwlt. 
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sumt^ ferried from the oiLbijiv inlet- Tbr ljUuihI givyji u Uiglii pro¬ 
tection Iroith ilia surf, aitd bebiaid it tb-e native btMis are hunched and 

benched, Lira's explaining the location of the V I lag* on nn - " 1 v * -- 

uniform coast* When not in m?e. tlie skid* are pefuhcij tm amnuil 
shdis to prevent hurnd by drifting sand* Un [he beach a ciMumoduitia 
abetter the suinnoluut tialiLTimm during the l.i-m of iho day, 

while in iho village abuYt* them tJiii wumcH m-j vjguruujdy thieving 
tiiiil grinding millet and winnowing Umis i r I. t T upper riglif) P Thi* 
cumumiuiy bun -urn- [mur millei Iklth taliind the dum^, hoi it mii^ 
supplement ito supply by exchanging auiuv of its mb* 

X ditfuiTint type oi village iw Ouukam, among hubbubs near die 
Majndle& There an expunge of low fixed dunes moisten* the most 
exieiiiivfl ui'jil..,- J.Ltiil uv.i, of i^i-iiLigHlIuim. Milk-, 'ju-.-i.i -, burns* 
■nd a UtLlc true coUun surround the village mid yield no agricultural 
nurpELL-t to ejtchungf fur fislu 

THH HA ELY HUIful’Katf QOMf¥A&*m 

I^JtCTh UT 'ii-S Laj. VAlLilA 

Widi the coming of Eurupunnd, the Cape Verde IV mn.s vila cea^d 
Lo l>e merely j. Bandy ufEdioot of the African routburnt and Wuuiu 
uko the Hostcinmu^t of the emitting route between Europe 

and ElibC. and South Atm. Fur mariners it marked ako the doutliern 
tenumu^ of the waterier Sahara coaaL The first lucmdad voyuge 
reported a stop for fresh water at [he outlet of seepage from a- lung 
lino of fixed dunes. TI113 place the Portuguuse later ehrkteiied Rio 
Fresco (Huikijufrj mid modu it a regular port of mdj. Food auppU& 
were Bcftruo on the [nmm*tdu T and hnchoragfc* were subject to ^tortus. 
IJetiL-e for 500 yours this iieighlturhood fulled l^ir«4tii decisive Itrgeiuoin 
over ita rivals. 

Cape Vbrde sUntb midway between the two obvious, nntare-inadt 
avenue for penetrating the Sudan* To the south the Gambia Fiver 
opens a broad estuary easily entered ut all scusuns by ships of moder¬ 
ate draft* This was early occupied by the Eng l ish , and fur political 
reasons has reiutiinecl little used as ti means of jicrt^ tci the liiuiei'laiid- 
To the north a lagoon at tim mouth of tjic River m&kfcfi * 

?afc harhur* but tim ing the lung dry t&mm the diruukeu stream cfti) 
maintain barely enough water for small sailing craft over the bar 
built aeros* its mouth by u sonth-si. k Uing rurrent. In spite of this 
hundkap, the protected anchorage, m cosily defended town^te, and 
airct^&s to the interior by rivor boat at all Jsmusoii 5 made SaLul-Lurm, the 
river-mouth lajri founded by the French, a rival of the Cii|ni Verde 
district tj.iit.il ji giineratioii ago. 

Uctwism the Senegal River and Cu|H. k Verde the coasit is usol^ 
for a European pom* kvaurir wf dialluw sen, dunes, and h^uvy surf. 
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C.,» V«to> ..to tto Bivrr (th« *»«» 

P)tot» l.,Y» ta. used for Europe |Mte> «t -» *“» »' 
^rtLr 0Mb. tSmn UtTM, KnoUrt, on . slugs** •»»*■*“" 

tTn,l’'u'd ,.«.!* “to. &£- 

, , ttoint Tbf< northern three are on or close » 

H nicflisq exporting pomi. *■ VfimI* Settle- 

Cdjie Verdo Peniiamta and together consmutu the Cape Verde fiMW 
ntneia £eoirrfliihically tm inwparobk trhi, , 

BuftSue *i tli* first she to attract iMin. ^ 

included brief period* of prosperity from the mid-6itoctith century 
to the IflSO’a. Well supplied with fresh water, it lie in 
|lw t „ n] w„ bur ami thus is sheltered from the nnrllitirly winds that 

-eh of the ye^ .hough U k * *"*5 

Sttttort from SU* All food.™* •» Ugltoorwl ttd ) W«ttllKw g 
joti” piers reach beyond the surf, Wg«* »» f^ucmly 'lamatcd by 
wit water- Both the port and the town are now moribund. 

TllK 13J AKH Otf Odtfa 

Under the ke of the diffod hoot of the peninsula . wnaufafahU. 
body of water is free from the surf that beau 

of the coast- The high headlands undo® roads in which «***£ 
j fl generally quid, and their steep dopes art united ^ -W 
water fnirlydose inshore. These •dtnkflk «>W« ^^ 
onset of it us southeaster tornadoes and are dinunidi*.I throughout t .1 
rainy waabft. Thou the west side of Hie idaud ui the 

W uftfiftf L ‘ anchorage. In ordinary times the tiny »va which fuces 
luirti.ua.st, offers the L.e shelter as the adjacent peninsular share and 
it is east u> sail out o! whon a tornado irnnwnd?. 

other* HdvanUgea nf the island are wot qtm.ms. It is only ^ 
meters long and JMW meters wide in the widest part. A fpiarli-r of its 
SSSS k * bare, basalt m«a. 30 meters high. The r^namiW 
L platform a few meters .bon sea 1^1, loading gently up from t 

Jto the bass of the ciifl (Sg.»). It *• ™ <* "J!£ “£ 

ruin, no wood for budding nr fud, no sand for masonry, and no arable 

The Portuguese, hrstctimers, haring a choice “JJ f yjjle 

Cap.; Verde Islands their headquarter in tins region and *’ ltt 
attention to the Petite Cot#. The Dutch wnr^ thehr*L £ 
is.iWtp and half n century elapsed before they took Huflgpu. a 

In’’ „| . cmftoed, ..lorlra W.»rl tor tbar 

and Sierra Lmh»- 
auiwit—is——sw 
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J paradox is explained by the nature of t|ie chief business uf 
Africa during must of thi- period. Gonfe wus, nearly all tin 
time, tliia must important puint in S. in.gal fej the X v gro d«w trade. 1 
For this traffic the island iuid nulalik' Advantages. Hiibitu.nl fornyt 
tmgendcrwl unceasing warfare l«*l w*on the raiding coastal trite** and 
their victim. 1 * of the interior. The European trading companies, in 
aplte uf superior Wttpttn.% hull relatively tilight military strength und 
therefore prized an off-horn locution. liorw harbor lie- 2.3a kilo- 



‘^—Qatfr in lu:;u Condition uf hiiiUTiujfi Don'll by Sctstuut 0*1*4; tx 

1 '!!* rttneture*. *oHd; ruin'd *tnu.-tui«». harnnl; sir.. mmiT Mrnrlnrr* 

Du<nn«L K -7 t »prlDrljtal bultdbtpt; I. fort ■ 3 , biirniefci[ 3 , rimreb;4. luwpifal; 

^ ; ?T l Sa? ; !, - Wn >“»! * »«« I«K«Ti 

t-> ItX rt fjutu^ i 11 ' ' v '*‘ rv '* t ' 1 U&tfswrt fr<wi uusp in tn.nV, rnpilut dfitfiav, 


meters off Dakar Point, dose enough for cauo * tended with -tew- n> 
Is' brought out conveniently under amdllatiee by Ijutterta flanking 
the cove. The s!mrk-iufest«] waters denied escape to Lruprieoned 
X'^Tot’s. 3Tio i)ul-topped cliff lent itself to fori ification imaifi.-i iride 
rivals from Euro|* sailing under etutny flags. Transfer of staves 
und the aiuulj volume of minor exports *nd importe between coutiimai 
and inland rntaiM only a soinutvhiU longer Ughternga limn at anv 
other ports of the Petite Cote. 

The rotations of island to continent worts but nlightly affected by 
successive changes in {political a Dili at ion, Ixcauao (terA- and the Petite 
Cote always went together. That tlie Cups Verde area was an impor* 
ifliit elfiiuent m Urn miw world pattern ixciug laid out m a result of 
the diseovenee end the creation of colonial empires is imitated l>v 
repeated cluing*- of bunds. 

Mule important for the fortunes of the island was jt-F rivalry for 
the ijeat of French colonial administration Lu Senegal. At times it 
%VJ1 * supreme. Generally it administered (lie Petite Cote and tlia 
Southern Rivals. Dcc&ttonalty it was subject to Saint- Louis. 


T tUsi'iot oujuj, uunv. fAt'imw -w-im*, r.ro. i«j 
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The town was. built to arromniodiue t rade ami juhuinistrafcion, 
and its structures express their functions. All the buildings at - an 
struct**! of masonry, and most of U«* *m an- mini* of rough f""Hi or 
rubble amcoulwl by smooth stucco. All the larger mo* hii v._- capenuu* 
dsternb III the iqwmani, to catch mid store the run-" it front the roof, 
'Hie most cotuffiicuoii- structures were designed for udminffitniiiom 
A fort looms on the mete. and bnUem* flank tlm lower ground- There 
uni also barracks, hospital. church, and buildings for local and colony 
aflminLutaliiii*. The test of the huitilings with any pretension were 
planned to meet the peculiar newb of ihe slave tnulii, The ground 
floor is divided into cells where the captive* were locked nwaiting 
deportation. On ilia floor above are the offices »f tin- trading flint 
mid living quarters for the personnel, From a number of Linuses 
haJeomia overlook the street. Supplementary quarters for the house- 
hold are on the third story when there i* one. All rooms me ranged 
about a patio, in which a tree or two may be growing. 

In the heyday of din plant* all available space was utilized I lie 
solid blocks of buildings interfered with the breeze* thin swept acre-* 
the island from the surrounding sea, The street*. narrow Inure though 
they are, were reported as “furnaces between ten ovlodk mid five.” * 

| luring: the hud half century, as tho population decreased, building* 
wen* abandoned, Today ni'least half of the land formerly occupied 
by buildings ami patio* either is cqam or stands us unroofed yards 
surrounded by ruined walls. This lias opened the town to currents 
of tiir, which mitigate tin* heat. The razing of dilapidated IrtlMiuga 
has been enforced, especially altar epidemics, because the tight*[lacked 
town with its numerous cisternslia# always Ihhiii n [witentiul center of 
infection. 

More thou onre the little white colony lirii moved temporarily 
to the peninsula when epidemics have broken nut. The first siege of 
yellow fever occurred about 1170. It so demoralized the community 
that the forts Were <1is»nli*h*d, the survivors went (o French Guiana, 
and tho governor removed to Saint-L^uis,* In addition to soldiers 
manning the fort, only 200 persons inhabit tin* U.limd now, mid a high 
percentage of them are aged. The estimate for [nok poptjklfoii ia 
6,000, « figure for which no date is gi ven but which pri^iiinnldy tv furs 
to tlie im’s. Three-fourths to four-lift1of thorn were captives. 

Today Gores is n sleepy, ruined settlement. 40 minutes from Dnkur 
by lhe launch Hunt makes iliree or four trips daily. The printery for 
the colonial government la boused in Lho building used in prosperous 
days by the governors. A normal school ami a boys' school atteact 
daily a little spate of pupil* from Dakar. The small church is too 

•Alfred Mert'be, Troll *'>y«fc> 4*ni r*trJn|ue O^lilflUiU. p. ft. furl*. IBTO. 

* OiBSiit. op. «U . PV 



•m 


A.VVOAL BFPotrr siirrHBOMJuv issrmTnoif, tan 


: • Frnm^ Sii tried n^ain, on whai they hoped was mon- favorable 
terrain at Hel Air. hm they died of ftvcr.u 

MODERN XDBOt'RAX 0 * - \ I' WOK 


ttllL TXTAlSUlrftMZS-r nr n Ifc lit 

- ^ T / ,c * fetter from the cfitctmul minister Authnr- 

* ■ lhe Clli * f llf til ' Biriiiirm at (W& to set up n military 

p™ JJI Dllkttf huilf! 1 cL^mrrriul dty thm* 4 The From* 

i-Mf h'hi?' -■ Im ncfk-43 n fcitre of umrirHH &jul took form in] jn^-.r-^ou oii 
t o iftrt of KoniAilan. Each local Wflnum givui a Fn-iii'li fhy 
0 ^ nis hut, (hoe tu Sdemlifj the oociipnlion with the eumoit 

■tooephoT) of rejoicing. All payments for water. wood, and building 
fimtiTiaJe were thenceforth abrogated. 

A furl wri.H built on Dak,ir I'oint. Several inhabitants of Oorw 
ovm there to hudd 1>ousts under its protection and to cultivate 
r, i . i ^ nnlf 'i” I Jif Miseries Maritime (ih.n Mi -up-rii Im 
(*- i u is) agreed n it}, the French Government to h*T« ship* si up <m 
? monthly servic* between Bordeaux and Rio de Janeiro, the &M 
. 1 t 1 1 J 1 ? '■'ifniiv, The. next year the company bought land under 

- o I K| int or nctel park mid demanded that the govern mom construct 

-I tt.tr ‘water, necessary during the rainy season to complete the pro- 
7° lof1 * h<< rrwe A ™rate took «p residence. The barracks 

77 7*?** U r * 7 1,ldunmt ot troo f* 'Wdw «nt»w for infractions 
" atscJHme. Besides overawing the fedijjtiua, !),«* *o1ditf.»ri*««fii 

maintained a garden and orchard at Harm. A street plan for the 
prospect ire city iva* adopted. 

For a (juarter of a rrntiirv after these beginnings Dakar mad* li: 
progress 11 die foifls Uoreie felt :i pew wave of pros peri tv. lifter a 
decline fhui, hiul resulted from (he abolition of its hI*tv trade. lt.- 
pojmhttan i . .. tljirn SJ/HJfl. Tile h..,.|. f u , of the iiiiit- 

TSUT: f °7 n i l,fld ! }j€rCl aml t]w Continued to administer 

, . 112 7 ‘ 7 ‘ ,t ’ T ’ ri CQr, * rjlS b had only a dozen or fifiinm small 

.. hnm ' ' ,v|l f' ! ,n,,d N btisinera was that of dramshops. The few 

im>|sah* ntu a .-'Omewhnt larger number of Rurn|.».'imiwd Africans 
no [ |l|f ' wr »!d dwellings, genera] ty of wood, scattered among 
i hull, and non pounds of *he abot iginttl villagers, 

nt T* 7 U ' Vr luigriili'd to the peninsula ^Ulnl 

at R ihs-pu.. A decade before the founding of Dakar the firet peanut - 
i: if j, WW ™ 11 " in calcareouit sand moi.ytoned from a 

<?f _ ](s ‘ 11141 ««ff ^ v ed admirably suited to the «oi[ and 
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climate. Beginning with TO tonsexported tn France in 18-If\ Kiift^qur- 
sent. 3+000 in 1^53. For ^even decades: the namo of I ho port remained 
synonymous with Senega) peanuts* trade in which nspUiced traffic 
in Negroes as the leading export ^if the colony, To handle the hu>i- 
UCS&. krgr warheouH** weiv built * and in time live piers extended 
through the surf, A gridimn pattern of sand-drifted streets, laid out 
curlier, was extended and in considerable part built up. Counting* 
hmtseaof cut 3t one arid residence of masonry with ha I conks occupy t In¬ 
can ter, Beyond nro cabhei of Africans, largely bulk uf wood. 

As the peanut-growing area pushed inland, Eufisquo tun ^ 1 to share 
its exporting business with towns on the Southern Hi vers. Dakar* 
S'k kihiitietiirr f.irtli.-r the fields along .i track heavy with sand, 

mute of it. The locutiiuial advantage of Tfuli^]iie mr-1 hi he 
so uri assailable by eeorifrtnic weapons that die founder of Dakar pm* 
posed to suppress it*? trade hy goremmeiital purchase of the ware 
houses and removal to the new town. When, years later, Dakar 
began to export pon/mits mid, after another interval* outstripp'd its 
rival, the change resulted from improvements in tnmsportatiom To 
day most of tl w BitfUqua warehouses stand empty, its piers are breaking 
up. and the trading finils Imre irohmtarily abandoned their officer 
for new ones in Dakar. 

During if* firpl stages of occupanre as a European star ion* Dakar 
had little to do with its remote and innocessthlo hinterland. Bather, 
its lift* hinged on the location of Lino peninsula and the character of 
l he anehofftge with refer puttee to icssek puling along the West African 
const. 

Any of the core# in the !«■►■ of the. (lenifittila required a breakwater 
In be a 1 -afe andmrtige during the rainy rica.soiu Goree hariior ^si* 
strongly supported hy vested interests in the town ; hut *miill >j*e 
ntiil thn limitation? of the island were no Jnngcr offset by perawiul 
security, when once the whole of Senegal had been made safe hy 
French arms." Bernard Cove hud 3 fathoms of water only 200 meters 
offshore, hut the hrwkwater would have to be built into water 0 
fathoms deep. Tlio high land gave complete shelter against west 
and north winds, bill the steep shore left no low ground for u townrite 
(pi, 3, upper left), Dakar Cots had ineffective protection from the 
northfm&t, but a breakwater in shallow 1 water would deflect wavra 
kicked up by east and south wind?. The relatively low eh ore was 
suitable for a porL* The tide range in the entire Bight of Go™ is less 
than l meter and therefore pjraented no problem, 

Dakar was selected, and the government undertook to run n break¬ 
water from the coal park of the Mcwsageries Ma ri Limes, using the 
soldier- prisoners and imekilled eulktad Africans Mum titan 200 
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wh ill' riHJU ■ Ltt curulkd. but illm-ii reduced iW- average number u i 
v.,,|k to About u hundred. When :ido meters l-mg, (Jib pier reached 
water only f»—*> meter-. deep. Coaling sr.ill hud to bo dome by lighter, 
and tin? VressigFri* - ' Murilimea rrmlinued to na St. Vincent, Ca]« 
Vttrdo Islands, as fr,'? port of call. A second jetty. running nortb- 
nurthoast from ilia eilrcmity of Ihiksr Point, readied n depth of lo 
meters at rUHJ meters and withstood the storma of thn rainy season of 
lHflfi. The port of call was then transferred to Dakar, and the shipping 
company built .1 liutiw near its quay for its represent at ive, who k'mm 
capecied to put up gflici,iI and other dieting 11 isliHl travelers luring 
the £4 hours their boat remained in port far coaling. Although ^belter 
from the iwrthnut was still inadequate, the linriair recemii little 
further alteration for another generation. 

By the lime the jetty wo* finished, the Cipe had been supplied with 
suitable tights, and shipwrecks decrcasicd. A lighthouse 10 mark the 
Gap* was, built on tlu? western, higher Momellft, aupplernented by a 
[joaoon on Uni outoitnost of the ttaflib- islands off Abnadips I’ninL 

1 !i" off lift! town plan ivin dictated by con d derations of health and 
OOBllMft*,“ Hie silo was stud [led with low dunes;, from winch u small 
amount of potable water could ho obtained: cisterns were also used, 
A cemetery (much in demand on this unhcalthful coast) was begun 
well away from the habitations* The gridiron pa tte rn usual in 

... colonial fumidatiutiu was adopted, with oriwIitiMi to.npors 

directions, lo take ml vantage of dm altaniBUdy north ami south pre va¬ 
lent breeze*,. Its south edge was a strret made brood for sanitary 
ren terns, found unfed midway by a plugs in tern led fnr the church, I amd 
facing the plaza was reserved for ndm ini strut ion buildings. Be- 
yond the wide linw stood the military ijiituters, mj eslousioii uf the 
battery od Dakar Pain t, ( Ftg, 3 .) 

I he wutnr front mada a shallow S, Behind it the ground rrr-* 
irregularly lo a plain. A belt HI meters wide along the shore, oa 
w hkh no new wmtruction was permitted, was rawrted for public 
u^e. Co nrr 11 irmly central to the dvil and military establishments 
and In the port wag the market place. 

With the changi* of a few street names, this layout has Weciroa the 
core of thg later city. At first population grew glow I v. Superiority 
of the port to dial of bar-choked Saint-Louis U>d n private pom party 
to build a railttiad connecting die two, opened in 133$, Its terminus 
was on the harbor aide, at the north base nf the high ground where the 
carh town stood, It stirred I he stagnant town to its first md anima¬ 
tion. Gum prabic and other light produce of the Senegal River urea 
ciune in to take advantage of the regular sailings, A few peanuts 

” i'ltnTt t*rr»dp (tolltoiler nf tb* tip mil oHtiu»lar ot |k* |i|u| id th> Ot-rnirof ef 
1*'ll uirerUii to Fuit^ve tit.pp me 



ms 



came in past Eufispw, but high freight rets* and [Wticity of wlutrfage 
hit the. alder 1 port well in the lend, 

KUDi5iHxST,iirr capita r, am- f*>ur 

The second stage of European OOCOpencc «s initiated by stirrin'' 
events nt about the turn of tlw century. Senegal then became the 
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fnr icuv® Elptu^inn nf ihu Fnmdi empta in West Africa. Tlw 

r 'lv C ? Jrjme ? W<fr,} Wmeut «J fllimg tiieir inland borders I* 

7? conquered territory. I’d ns vi-nre mud*.- to tnuilzaautu rid 
buhiwgs: wd n»w n* VAfriqi* OdU Frnm-.i^ (AOF). Seni- 

£L^v ^ ““*? “ be ! w ** n ,ht world and mud. nf thn 

u j aequnuJ at that tijufe, Sain l-Louis, tradiUoiyd capital .d 

































397 


[>,\ tL\R—wnrrrLtaEt 


|jH LUAJIII JM!-"* — ■■■ * a a p - 

glim of iilllisuriiy. 



Ui IIUUIUIHJ, * T\ fc 

Aa nt its inception 40 years ear liar, thu .apMttiw W*«“ r WM ; 
ijUiu»ed with health and cutumtm mj ruling coniideretiati*. 11 1 *• 1 

The capacity uf the hurbur was greatly oiilatgc i belwoon ^ 1,1,11 
1912 Tlie ietty #u prolonged tu a total length of fl!i0 nwlert. 
Tbanctlorth it *os called Hit* Sunth Jetty, todistiuguisli it from «» 
now North Jetty, a breakwater projected at right augh* lu tin' cuj^i 
m<ar the bu* of Bel Air Feint, though not until ywin cmuuctml 
with Uni laud, it readied a point 2,0tiO meters from shore. Iklwmi 
tlio two jetties an easily navigated opening was left, 'i50 mate' - V - Ivl «. 
The water thus enclosed covers 225 hectarea. 

1’ho sinuous water front was Htmightencd with .dredgings freon the 
harbor, malting a broad, level f;pa« for railroad i rucks uml rnjuLs to 
sc rve the port and for wa rt>hote*ea and other port bu tMrng a. I he north 
half of the new frontage was merved for si naval ar-. mil, with a dry 
dock to handle ships of 10,IKN) tons and a base for submarine *"'* 
destroyers. The south half was improved to accommodate the grow 
iug trade bv two moles 300 motel's long ami a Lldrii as broad, oriented 
in the direction of tin) prevalent winds and equipped with warehouses. 
These, with the intervening quay* alongshore,, total 2^.i0 maters of 
wlmrfddo (pi. St , lower left). Running water wua made available for 
fchijw, but coaling ctmtintted to k> done by long lines of mule and 
female porters, because of the cheapness of t he ir labor. 

The need for providing water for ships wits only part of a more 
insistent demand for sanitation of the whole city. In favored placet 
north of the town, dunes were systematically httieycombed with 
channels, through which water collected in sumps- ibem’t* <1 wa? 
pumped to ft reservoir in town ami distributed at hydrants in live 

stieeis. i ■ , 

Other sanitary measure* begun at Liu* time were calculated to re¬ 
duce tile men ace of mosquitoes. Ra vim's in the tmi it m.ti. lilltM., 
Marshes and back wo tore for 20 kilometers out wore drained by cutting 
clutiinols through tho sand bars that separated them front the sea. 
OwidK whs out to eliminate breeding places, and plantings of eucalyptus 
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layouts to the south and wett. tn tbes*i sections the gridiron vita 
abandoned fur it fiver juUi'ni, fehot through with diagonal avenues, 
making and “round point**’ in the minuter ol Paris. Some 

of the ut*w main streets had been country roads. Other* included a 
broad avenue leading from the original plaza to and beyond the 
governor’s mansion, an imporing edifice of this period stand log tit a 
park oil Lhe breezy LfutT above Bernard Cow (pi 8 t upper left). 

The extended city incorporated two or three African tillage.-; and 
for some wars live thatched but a of the indigenes, close-clustered in 
asymmetrical African fash ion, continued to mingle conspicuously with 
the regular blocks of masonry houses put tip by the government for 
ite officials or by the tending and shipping companies for their ad¬ 
ministrators and with the Jess pretent ions frame halo tat ions of 
ImiubltT while people- In places the commingling tlili rxists- 

Dui'ii]|! this lime most of the remaining Gorge merchants moved 
to Dakar. In the firat decade of the new century port bus in c- 
inci-mred threefold. External connections improved. Additional 
shipping companies nude the place a port of call, A cable 10 France 
was laid- A direct railroad lino to connect with the upper Niger 
River was Ijegtin. 

I "AKA it (OMK OP Afli: 

The Hr.dt World War put a stop to government expeditureo mi 
Dakar and checked nearly all development. Afterwards a now stage 
of Occupants vros inaugurated by a bug serin* of public work* ac¬ 
companied by extensive private undertaking*. 

w-itiji jcm.r and or not (sanitation' 

In all tropical African station a the safeguarding of With is the 
nitbl important and difficult obligation of the European government. 
In semis rid and ever-growing Dakar shortage of water list* continu¬ 
ously complicated the problems of sanitation anti health- In the 
hope of finding an assurer! supply a thorough hydrographic survey 
of the peninsula was made. N’o deep-sealed snurcea were discovered. 
Instead. Die dune-tapping nysteni was extended. At Haim, nn which 
Gorvc had always depended for its supplementary supply, more 
water wait found at a depth of 81) meters. An even more copious 
yore wtia disclosed behind the village, along a lfa* of rather high 
fixed dunes, on one of which stands Fori B, These dune sponge? are 
about <1 kilometers from Dakar. Twenty kilometer- out, nt M’Bno, 
a similar site has been developed and tied [nto the vyttem, Additional 
supplies exist in the dunes that run from RttfUqtto northeast to 
S&ngalkoni. Tb«* are used only to servo RuRsque. Neolithic man, 
African indigene*, passing European ships, and the Eurofienn settle- 
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ments of thi district—*11 have been dependent an the duu« for 

11 wJteffram the city supply is vnMto to t inripating ^ 
gardens ut M’Bbo, Ouiikam. and the outskirts «f thikar. Thtso 
SSSneom sad Tinroya atx served by hydrL.n^ in rtw *"**** - 

Dakar itself water nwy also be bid on in building llir jx rt is 
supplied through a separate pressure b. *W» « rr^rrotr ^ . ii^ 
:U500 cubic tasters, a &4»y supply. In the high ]’*« of the ut/ 
are sis require for city and suburbs, with a capacity of i,400 cubic 

meters, a S.doy supply. 14 . , , , ■.....,_ 

Pol aide water is too precious to use for fin 1 hydrants or for flushing 
atrtetw „,„l wwurs. These wmces are provided by water pum^t 
from Bernard Cove into a, reservoir holding cubic meur* (fig. 
4) Regular (limbing of the street « sweeps out the lute of miwquit*** 
along with dirt and so renders a twofold health **™e. 

The sewer system is integral with the water system. ^ mdutka 
special collector* for siurm watery Public btrinesi aro distributed 
throughout the municipality, and ut lc**t four public shower l*th* 
an available, The African population lake full advantage of oppor¬ 
tunities to bathe and In wash their garment whdher in building 
provided for the purpose or at street hydrants nr in the harbor nr 
other calm wafer*. As elsewhere in tropical Africa, the indigenes 
need no coercion to bathe. Garbage, and other waste is collected twice 

a day and burned in a city inriuerater, 

A- in i-vi-rv other tropical African center, there are separate hos- 
nituls for Europeans and Africans. Special out ion hits extended U> 
include hospUnLR for llw military and civilian*. » maternity^huapttel 
for Africans, ami, ter out on Cape Manual, a loprnsery, Numerous 

clinios are dMrilu.. uwr the city and suburbs- The medical *srro* 

is cupped by a school of mcdicitio, 

fiKQS*mTlOK aSD HDrUT iATIDIS 

All these sanitary measures would bate been less aftettva if steps hud 
not already been hi ken to segregate the European inhabitants from the 
African. Much of the increase in population lias beat freablj t+ 
cniitrd from the hush. These indigenes, and even a g>«d nvrm> wbu 
have been long «p**d to European sanitary 

regard for standard* nectary in urban ng^omemtema. Thereby 
thev menace the health of their n.iighbore, particularly Europeans, who 
Ireks* immune to tropical di^ than Africans la the commmglad 
community of Dakar occasional endemics of jtik* h^o tek,n 
heavy Wflo!boll. m»i. ^ *F^uW but more *n°u« have been 
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ihp ever-present scourges of materia and dysentery, wliirli strike mit- 
I meters down, often with fatal results, white touching indigenes os 
hardly tnniv tlmn unromfntlnbte ailments. In 11114 bubonic plague 
u.i-- added to the considerable list of infections diseases of local origin. 
Although it attacked Africans almost exclusively, their rareW atti¬ 
tude Inward sanitation made eradient ion difficult. 

I Vi eliminate African com pounds within the European city, an Afri¬ 
can suburb. Medina, teas laid out in rigid gridiron put tern, with blocks 
f-nmlter and streets witter than thm* of tho early pht of Dakar, It is 
reparati-d from the older town by on unbuilt reserved clear bolt flfHt 
™ etp j* w,j|t by n racecourse and a stadium. Africans rvri■ 

■tent in Dakar have teen encouraged to move to Mikllnn by «ifi uf land 
ami aid in financing housebuilding. The place Inis grown fast To¬ 
day it contone more than half the total population of Dukar, Moot 
of the habitntione are (hutched luds, a good many tire wooden cabins 
with file i vtoh f and a few nrv fit masonry* 

Som.. 20,000 Africans *t ill live in Dakar proper. In the northwest 
ipni.frjut Africans occupy nearly all the land, and tnanv are inter- 
&fiervvd am mg Europeans in the older sections (fig. -i), Their bouses- 
limy In- Dilute nf wattle, hoards;, mats., flattened gasoline tins, ndbbc. 
feu me, and even nweoniy. Many arc tite-roofed. In six* they range 
fmm Irtlts In commi>di0115 fauueep f jil. npp< T right)* 

Jlic stricify European roaidoitial quartern on the high ground nr*' 
spnemus and airy. Tlu-re ihe higher hurcawmicy, some of the foreign 
consuls,.and initiiy hading executives of business firms live in villas 
hiuig with bougainvillaea and set in tro^shadad grounds. Tin* houses 
lire ngm-ul.fv adapted to the climate, being shallow, with wide win- 

5"J TT* r vt ' r ” mh » or temces shaded by overhanging cm if a 
Mo«r Of them hart been built by the government or company whose 
"^ntatiTea occupy them. Tins has I**, neev^nr to ten,*- a com 
mumtj who may make Dakar tlwdr residence for few or many rents 
bur wjo invariably spend long leaves in France at frequent integrate 
wh/ob H 7 Ha eubiirbe, forms a unit of m square kilone ters, in 

is hetere 7 rM ‘ t&S " *° , " e 350 l ° * ***** . .*- h 

of in L S i,i 113 the “■ tlmnb * to Wrtunitiro ^ work 

fjSJS J thi> * Europowta to African* 

is high, 1ft to loo, ns compared with a tenth . . . in Saint-Uni*, r, 

Tf , ky ‘ HllIf tJlP in the AOF— 

i- far hteL/nl 61/1 ', B 'i *< «d children 

Amtel l ri m *** W «* A^ica. The African 

5ET?“ l 111 b ""' Kmnrle from all 

21 , S ; T n ’ v ** l rhc «*■ AOF. ContrAi^ physical 
£7 r 7 J - 8 W " le ran ^ °f make tile streSA ; n]or . 

P ‘ '****,“ th ***^^ of early morning and late afternoon. 
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J : is!ip-i-» ter ihirf# iorfu^ 

1 JlftinF ■ Nil fl^lMmili'Lii-l!^, IlHtiuftiiK warily T3Ll^inr-* 

The outer garment of the men lb a voluminous i'obo with low nock 
and short in white, blue, or yrlW\ ur^ oocadoiiu dly , brown* 

tjr mixed colors, For manual labor this is ddlVib exposing a 
kue^-hnigth, slt^vek^s union Mtit. The headline may !*■ a red or 
blnck fe-z, a knil toque, n - oii^ of straw, or si tropieul helmet in imi- 
fiiticm of tins European*, An amulet is always hung around the 
neck, and armlets lire common ornaments. The women wear ti long, 
full-skirted Jitss. All who can atfont it have goiil earrings. and 
iLLiiny braid girfU coin* into their tiny pigtails. The whole elaborate 
coiffure b capped with a bright ttirhuik 

AREAl* nnTEKVXTlATlOX OF Itf NOTION I* 

Aren I segregation of races i* common in West Africa. Separa¬ 
tion of functions is rare and nowhere, except in Dakar* more Lbun 
incipient. 

IkcBiL^ tba citv cnnLfl into cxfeteiirc to serve French, column I 
itttcropts, much bind wn-* taken fit the outset for administration, 
defend and i^tlic^r public service For flit** services jut reserved 
Hourly thr whole bnrbnr front, the remainder of the coast line with 
two exception^ the surroundings of the plaza, a central area in 
Medina* and more than a dozen smtlemi rites. Defense occupies 
l J oints Dakar and Bel Air. most of Cape MxmucJ, an area of high 
ground overlooking the open ocean* and range for target practice 
along the shore northwest of Medina* Hospitals overlook much 
i.f Reman! Cove. The govonitnun of the AOF chtstecs principally 
about the govern ort mmuucm, Local goretrupont buildings IP 
it tin- phut fpl X tower) ur «m the original wiUer-frotU terrace 
{pb 3 t upper right)* oucept the residency in the center of Medina, 
Public service* official than defend and administration arc 
more scattered. Lower schools are dotted about; thu high allots) 
thjc£#} is on the west aide of town. Where the new ri idem:id 
quarter fur Europeans h pushing into the nondescript African 
purlieus, a huge cathedral has been coin pitted recently in n rtylu 
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remmisx'ni «f (hiiJi Bvaantine and Moorish architecture (pi. 2. loner 
riclrtj, Dll' mosques iw sniH and art placed uno&cn tut musty in 
Ii.k L st rwia (m<M of I he? smalt spots symbolized as 4 sftn'iccs"). 
Tin iftf [Ksrhik}^ 10 to 12 thouscinil C&iJhiIjcSj including & tfuniiF&H'l 
Syrians. 

Tin! piiblif? markets handle all the perishable fondslnffa. For 
Europeans n market house has been erected on the eiie of the original 
market place in the old town (pi. 4. upper left), AO but one or 
t«o of Hr vendors are Africans, Many shoppers are African 
wrants, who mingle with Enroi>cHn women making their own 
selection in thrifty brench tradition. Tlic other covered market, 
a huge, twodcTcl building at the n«ius of Syrian and African 
-n^irjfss is entirely African, Tluj lower is tin fur- 

nishttl, and the market women heap their wares in little piles on the 
floor or in calabash* or overflow into surrounding streets. There 
are also two largo, open-air market* in Mfdina.' Scattered trees 
oi awnings shade Ilia vendors, at least during the moieter half 
of the year (pi. 4. lower left). 

AH the markets carry the same range of goods. Vegetables ccunr 
fmai the gardens and nearby village patch* They are abundant 
and vaned during and after the rainy atHm but dwindle as die 
sandy plains become desiccated. Fruits an* Jew common. To In,'aI 
mangoes and papayas «re added import*— banana? from French 
colonies further south, oranges from Brazil, apples from Argvn- 
r tun. Local H h r, lightly smoked nr sun-dried, and include 

Ii^rni3p t -nrihncs, ami icjitmrs, ami nlso Krcrcriil tropical flecks 
Meat ««** from the interior and is killed in the local nbafc- 
biir for irn media to sole, refrigeration being tmeommon. The 
cr-rered markets closo about noon, but the others dn busmen* all day. 

Where private holding makes the use of land competitive, differed 
tinimn of functions bos largely supplanted die origintij coCglom 
erntfon, \ estigrt of die older order, particularly on back streets, 
emphoeua tho change toward the pattern of Occidental, middle- 
latitude cities and away from the traditional town of the low-latitude 
African c<strt_“ 

The commerrial care is an areal unit but is sharply divided into 
Lump™, Syrian, and African sections. The earliest business streets 
led up from the passenger wharf to the IS-meter level on which the 
town started. These are now devoted to shipping office*, banks, and 
- iino shops, They tie into the wide avenue that; marks the south 
of the original planned town and leads to the central pluzv 
■ * avenue and the Inter and still broader one thnt leads from the 
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I'liiZH np flithe governor 1 !* manrion have become ill*? principalshopping 
thorough fines, Hctircf O the old tow it #IiJ the plu^-a Ift luxikstufCr, 
a tnusrii' stoic, n pastry shop, n grocery. and several b.irU-rfl, hut 
blue wiiia stores dominate. Between the plus* ami this * pin loan 1 
bn shop* for women h wear, alioes, novelties, stationery, mid refrig' 
era tor*, 1,-teddea phurtuudes, pholu$p*nph:c studios, and a einumsi. 
Beside* these, In rye store* '-arry varied awtrcfaundaM. In kind, xheir 
inventory is much like that of tnditiuiud African e&nt,ptoi/ , «f hut in 
dintfl^ter they am European department stores, with fIiow windows, 
weil-drfiioid sections for different articles, and emphasis nn i [nudity 
and faction. Many sliujuj mu branches nf French firms, Otlicra ant 
of local origin—another evidence of cummtmid progTessivimfeis. 

These streets catering to the carriage trade are somewhat sora* 
nrilent, particularly during ihe sunny hour* from LO until 4, than”it 
1 1 m f-.hops dose for only a 2- or 3‘hour siesta. In sharp rontrust is tile 
extenritm uf the older nut in street beyond the ;»huta, where it changes 
both Its inline end its character. The little, open-front shop* of thU 
section arc owned mid operated mainly by Syrians end North Afrkmui, 
They cater to the indigenes, who enliven the street with their billowing 
costumes and incessant movement and chatter. ‘‘Cloths” and other 
**MiU)Chester goods” sold in every West African town constitute the 
bulk uf the ttock; mid nearly every place of business carried a little 
of everything, including staple groceries and dried codfish- Some 
di Horen tint ion .■ : •: .• n* in the Miporun* wineshop* (succours n. tiro 
(huniiiluijiH of old Dakar) ami in it re-4 hero and tliuM on French 

novelties. The 8hopkcq*rrxi live on the premia. * cost. formerly 

uiuvei-Mil in Dakin but hwanung imrumnion among Kurd perm mer¬ 
chant^- Huif u dozen block ■ nl-" =u tins street i the corner of tin 
uric:mil (i>v.u pint, rmw the prim ijal traffic focus of the :md site 
of the principal market house. Hoy on-1, shops run by A fncuns extend 
through an A ffiitn quarter toward Medina. Most of dlose lire dry- 
gon I - stun--, where n-ou busily sow the dims worn by bulb sexes. 

Market gardens are cultivated on reclaimed emnttul lmrsheit or ou 
sand dunes where the soil is moirt, and uouie are Irrigated. They arc- 
worked by men clod in brecchd-Hit*. Mu-: of 1 ho-fresh pr-duee finds 
its vny to European dining rooms, The Africans are ■ - iL-Liiuiiig more 
and more imported food,chiefly rice fn m the middle Nigpr I tosin mid 
Indochina and dried fi*h taken by Bretons on the Icelandic or Grand 
Bunks. 

In contrast with nmtvhsndlsing, lhere it scarcely uny manufactur¬ 
ing in tiie European senna. The waterworks tlic oLvtric plant, a 
brewery For l«er and soft drinks two reft-igeraiiing plants, and -i 
Inundry mukr up the Hat. All aland near iho norili end «■! the hiub -r, 


-lit 


501 Ml 1—4 


404 iraVAIi REPOST SMITHSONIAN’ IXBTrTCTIOX, 10*2 


arJjttreiil to the coni park, on lend land between iwilronrl ami water 
front. Sum 11 stone quarries and 11 brickkiln provide building mat vein l 
ns needed 

Most; of tin* inium fact u ring in Imudicruft. DressuiAkitig wiil. llio 
ttiil of American sewing machines occupies hundred' of men (no 
W'liuw), CatT]n>uterB make furniture for local u* nut of the handsutne 
Afriejm cnlrim-t woodi. Mnrabmil* contrive amulets, A few jewelers 
.still fashion tliH filagree ornaments priwd by the women, Cotrpoti* 
tifin by machine-made gwylA from Europti bus all but driven out the 
waving, dyeing basket making, tunning, and steelwork dial Nourished 
lieforo tlir first World War, milking native fuuto riala to satisfy native 
need;*. Some 8,000 mua gain u livelihood fruiu rnaotjJVttuing and 
himikitiU, 

flact* segregation and tins cindering of hu-im^a have wt up a diurnal 
rhythm of movement, «n foot oiul in n fleet of tiondc^ript motor 
vohklc-H that ply it®, busses, Market folk bring in thdr producR l^f.ire 
dawn. In the cool of the early morning a title of workmen and 
dflMstb (nil male) from A friaui suburbs ami villages farther afield 
flows into the port, the factory diitriGl, the artisans* street. tu>d the 
Enrop4>ii n homes. Clt-rks in thii ofltees scatter ill rough the earn nuirrbU 
and official section*. All except Mu* domes ties return home a bunt 
ft p. m. Oiled macadam find* Wl>IWftili| all the villages, iuu3 the 
28 |dhm]rt(!^ of pr'uiflipnl streets, facilitate this movriurml. Rofld 
building hr - licen e.^tly, b^omse of shifting Fund and rite lack of 
lalentc, bandy mad metal in many puns y f tropical Africa. 

nra runr 

Areal dilfertnUiitinn in the port is own mure marked (h in in the 
city. Except for its political function, Dakar is the creature of its 
P°rt- 'I he chief commercial business combines importing und t*s| .ori - 
ing with HOTimng ships tlmt mil; die marine nrmnl, covering 10 
hectares, Eh the largest factory in town. Both these functions gmatlj 
expanded between the t wo World Wars. 

Direct nw’tftr-gauge mil Cnnrurtiitfi t^?D1 kilometer-; into tlm interior 
wn^ msilo in 1923. Since this date Dakar has ham tied dearly nil the 
varied iuHnuir of Senegal and the french Sudan, Exports have 
sRCn-a^'d. bat irsS fligpally, Aside from jicanutb* 7s In ft I pum-iti 
of the cemmeroj of Si-negnl and the French Sudan paj&c* through 
Dnknr, 

Tho dominant export crop of the hinterland is peanuts, grown in 
tho short rainy hmacjji and mark.-r.-d from Hoijimbar mu d Juno- Dur- 
!l W the early month* «tf each di? sen non, great heaps ..f bags , in d hills 
j.f unhnggi'd, undid led outs arc mi mbit.- at the peanut ports (pt. 1, 
lower right), taxing llivir r&i)uit«. The lesser crops come in at the 
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same time. Ports 00 to 120 kilometers upstream at navigation head 
oh the Southern itivers an.' close- to the fields; but ships cwilJot tal» oft 
ftiU load*h!cait»‘ of shallow l-ar? across the rii er mouths, They must 
therefore call also at lilt- jrcimisuh to complete Uding from stores 
sent down by rail At Hitfoqtie lighten®* subjects tite efop to <hui- 
iiku. Kwteekj the only aeceedbla river port oh h railwtl {« branch 
of the state-ownett line), bus the ndvtiltpgv of Dakar hi HjiUnpc and, 
formerly, also In rau-Ji. Since purchase by the tat.* of Hit* Dakar* 
Saint-Louis lieu in 15JCJ2, the rates art- proportionate to the mileage, and 
Dakar has iticretteed its shipments. N’ycrartlioleae, Kwd&ck continues 
to Wad in exports of peutiut?., skipping Hourly 1 mlf the crop of die 
western A OF. 

Hreently the North Jetty hus Ixieii tied to the base of Point Del Air, 
and dredging!, Iiivyij added u triohgk* of IS ftfctnrt-fl with GO*I tijelrr? »jf 
fiiitlH>r front, This hind,christened “Poanin PlBitt," b vervwl hv rails. 
Shijw can be landed alongside, a 1 ? well as in mid-harbor. lViimite are 
loit Jed by baud, In'Cuiise tine bulk of the crop nemos in bags- Those 
ftti-ili|WHave freed the older port far general business, A half unde 
ban been affix'd to the Snub Jolty, increasing wharfage in ihut sreiian. 

The first business of tin- port is fueling ship* in InuudL This is now 
ban riled ab inside and by lighters just inside the North Jelly. Coal 
is brought by ships from Europe coming far poStmtS, and the coaling 
tnriji mid bositi, (J with rnne- and ponl-xM titTfidb, an* next 

to the urea where peanuts are loaded, Diesel and oil-liiirTiiiLg sbijH 
Imvu caused coal imports to fill I off anil petroleum 0* ri«s mm', duns 
oorrespondingly. TUecitd of the jelly i* piped far petroleum, which 
is id-- : available by lighter. Doling tin- miny ■ li* business with the 
hinteHntid cbl«—export* practically eftnse. AL tbk season tbo backlog 
of shipping in ironsit Utni ■* die port going. To increase the hu?i>ir=s. 
the harbor lias hn-it emitinin-ndy dredged <tau|K-r since 111 -i The 
fueling are* b now 514 fathunuj deep; aJwiiidiW «nm- males are 5 
fathom*of water, uL others 4^. 

1 bateuL jM>rt statistics for Dakar are tint available. About lhSA or 
i;,:j J more than a million tone of merchandise (exclusive of bunkerage 
furl) w»s carried on 2,250 ships. Pusam^rre tmmUwd 16,1100 en- 
tKrimr and leaving. The chief commodities imported wens petroleum 
and coal, GliijOflti tone add 21AOUO inns respectively (including bunk¬ 
er^); in foodstuffs, tUx> led with IlDJOQ tons, followed by whoat, 
sugar, mul wims. Of iWppfti, pcanute were far m tlie lead with 
310,000 metric tuns, folIoTved by gum arable (4,0W tons) and sisal. 

Tffl u JTOlOJCN OIHKAtTUl' 1 

The improvements have iuereased the- value of the port as a mroal 
base, p H , t icidarly for submarine In ^ * e »*«* *° ^ 
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ft Shilton 0 # till! firai dare. So vigorously was it prosecuted that it wu3 
neirinp completion whim the war broke nut, The submarine has» hns 
l wn improved. A floating dock supplement* U» fisvil dry duck. 
St-imac- fur potrolwim hnsheeuenlarged by building conronlwl tanks." 

Still mart ambitious Tins Iwen tin: con^tmCftnO of an oilier ronris by 
building a now }olty, 2JMX) mature long, southeast mini from Dakar 
Puin, | t fcxit.jni.. Into B fatliumn of water awl provides Anrhorago 
calm enough for large fldf*.particularly war veestlB. Craft of «fS,OT>» 
tons can ride there out of frank of (onittitw, though not well pro* 
tcctod from die choppy waves of the dry season. Si»W tho «t*r«tk 
of hnj-ii lilies the entrance to t lie anchorage nod harbor has been closed 
with a boom, Fifteen kilometers of meter-gunge rail- amt -ix kilo- 
met era of roads servo the port* 

Ah-oeiaUsl with naval oxrwuitdim haabeen reiitforccinont of tli'i land 
fort ifir ations on Gocfc, Point Hoi Air, and Ca|* ManneJ. Warehawre 
on tins Peanut Plain ami a seaplane i*»rt in Hum Cove under Pel Air 
point can In; used for warplane*, supplementing the naval and bml 
dufonse* The plate is now a trough old; it has been ctiil-d k th-.‘ 
African Gibraltar." 

a wmtin focus 

Dkkar owes it* oosaopoMlin character to its function ns a contact 
point. Location makes it n convenient port of call for all ■hipt plying 
Mwwm the Norik and the South Atlantic,except thus* in the Airn-rt- 
i-ftn .uasling traflk-. Beside French lines in the South AmmcBii anil 
Wrat African trade, one connecting prance and Morocco ban extruded 
Its tailings from Casablanca to Dakar, mien as far from the hum* 
[»ort (Manwiltw and Burden* are the French termini,) “ Ail idjips 
plying regularly past the Cape c*U, and many tramp find it a good 

place to drop coal or pick up peanuts. 

huntiioii lit one end of the waist of the Atlantic low* led tu the 
creation uf a powerful naval base. For ih» rame feuaiii Dakar is 
the point of departure for the oldest tr annul bmtic air Uur A weekly 
pnetal plane links Paris anil Rio dtt Janeiro, rack of which is about 
4 S Ju.uio from Dakar. Two fields are used: for seaplanes crossing 
iho ocean, at II;mn Cov* with facilities on Point Bel Air; for land 
planus in the European traffic, on level land near Onukatu. Dakar 
is likewise the terminus of an air route that traverses (he length of 
lln- 6 ui! mi * 

Incidental to ita world-wide sea and air routes, die place has been 
linked by cable to Brazil, to the Guinea coast of Africa, and to Brest, 

•Braun ■***>!. tuknr, 4 m Kntmrn *r ^ ai«Mnri( makrri-' •• am 
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France, A radio station nl tha edg>‘ id Medina ir tit* wireltre nexus 
between French West Afrbn anti ill® outside world. 

Dultar was selected 10 he cubital of the AOF b*c»0E* it hud (lie 
harbor with greatest possibifitieii in ill® part of the colony nearest 
lt> Franco liy sen ami because the peninsular climate is drier and 
more itinj»erod by iircwMS lban that of any rampet-itive point. 
As capital, it was maila the anteroom and outlet for the calenstvs 
id n tori mu] of the open Sudan, a country easily < reversed throughout 
(ho dry season bin) favorable to tow-coal railroad construction ami 
mainieitaiice. For passengers there is daily mil service to Saint- 
Louis and staniweekly trains with sleepers to Bamako, near the 
interior end of the line. Not many roiida passable during the rains 
have iron built; but dry-weather road^ penetrate all the back country 
mil ujiikci eonne<i;r ion with every one of the constituent colonies of 
thn AOF. Dakar te the ganglion of 25,000 kiloruetoi's of ilSi graph 
and telephone wire, reaching to the far parts of it-, territory. 

The recent rise of a city in » district hitherto epareaJy Pitied and 
rural has brought in a diverse population, which is not yet amalga¬ 
mated. Africans mingle with Europeans on the streets and speak 
French when hw'esgtty but preserve their native language and dresa 
tnid perlin| r return hntuo Mini-diirtliy or to end their days. Syrians 
nnd North Africans bring their families but plan to return when they 
have nuidc a rompetm.ee. Tlicy are not fully accept'd in tlie Euro- 
perm society find hold tliftinselves somewhat nioof from thn iud ignore. 

The Eui'opanrt# nre still less rooted. It is the French way to create 
the seiublani.t! of u European ciLv (one which happens to havo much 
the flavor of ii provincial capital in Franco). When the working 
flay is over, the whit® population forgathers at the caffe, on thn 
iimjinnHj ati^ts, nnd in the spacious and airy hide! dining rooms. 
Dining in public is even more ilhuu. 1 than in Paris. A min ret in the 
most fashion a hie hotel idlers c-ntertmnttinit Iry udors and singers 
from Paris. A weekly newspaper carried the local news. Tn. reality, 
ilie reftemblaiKo to European life is superficial. Alt Europeans ecirow 
out for ^toura of duly” lasting from 2 to 1 years. After n long 
holiday in France, they way or may not return to Dakar. On retire¬ 
ment they return “hitme” to end their days. Few of tha yonngar 
men are married. Ha wires of (lie others often spend tlie rainy 
tofl-Him in Fntuce, Many fnmiiiftr leave their children in Europe, 
though the gamut of public education up to the university is avail¬ 
able in Dakar, alone (unntip West African stations. Of the ont- 
lunders 65 percent are men, 25 percent women, and 10 percent 
children. 

Tba roots of rt large part of lire populace, uf whatever color, are 
thrust in soil outside the Cn[K? Verde PtaronMil*. In the spiritual as 
well as in the geographic .-eiise, Dakar is a port of cull. 
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